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Take note, theologians, that in your desire to make matters 
of faith out of propositions relating to the fixity of sun and 
earth you run the risk of eventually having to condemn as 
heretics those who would declare the earth to stand still 
and the sun to change position—eventually, I say, at such a 
time as it might be physically or logically proved that the 
earth moves and the sun stands still. 
—wNote added by Galileo in the 


preliminary leaves of bis own 
copy of the DIALOGUE. 
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INTRODUCTION TO THE MODERN LIBRARY 
SCIENCE SERIES 


GRE NATURALSTATUS.OF SCIENCE.AS LITERATURE 


Stephen Fay Gould 


I have never quite figured out why standard college courses on Victorian 
literature invariably include Charles Dickens and George Eliot (as they 
should), but almost invariably exclude Thomas Henry Huxley and 
Charles Lyell, who wrote just as well, albeit in the different genre of 
science. Anyone who has accepted, passively and without personal exam- 
ination, the conventional caricature of scientific writing as boring, inac- 
cessible, illiterate, or unreadable might just consider Lyell’s indictment, 
from the early 1830s, of catastrophism in geology, and his defense of the 
“uniformitarian” view that current causes, acting at their modest and ob- 
servable rates throughout the immensity of geological time, can build the 
full panoply of earthly events, from Grand Canyons to Himalayan Moun- 
tains. (I don’t even agree with Lyell’s conclusion, for we now know that 
catastrophic impacts cause at least some mass extinctions, but I admire the 
literary quality of his largely correct assessment of old-style speculative 
catastrophism—even down to the slightly forced unsplit infinitive of the 
last line): 
Never was there a dogma more calculated to foster indolence, and to 
blunt the keen edge of curiosity, than this assumption of the discor- 
dance between the former and existing causes of change. ... The stu- 
dent was taught to despond from the first. Geology, it was affirmed, 
could never rise to the rank of an exact science. . . . [With cata- 
strophism] we see the ancient spirit of speculation revived, and a de- 
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sire manifestly shown to cut, rather than patiently to untie, the Gor- 
dian Knot. 


I would not claim, of course, that all science, or even science in gen- 
eral, appears in print as good writing. After all, literary quality does not 
rank high as a criterion (or even as a recognized property) for most editors 
of scientific journals, or for most practitioners themselves—and felicitous 
writers, as students, generally receive strong pushes, from their early 
teachers, towards the arts and humanities. Moreover, and for some per- 
verse reason that I have never understood, editors of scientific journals 
have adopted several conventions that stifle good prose, albeit uninten- 
tionally—particularly the unrelenting passive voice required in descrip- 
tive sections, and often used throughout. The desired goals are, 
presumably, modesty, brevity, and objectivity, but why don’t these editors 
understand that the passive voice, a pretty barbarous literary mode in 
most cases, but especially in this unrelenting and listlike form, offers no 
such guarantee? A person can be just as immodest thereby (“the discovery 
that was made will prove to be the greatest . . .”); moreover, the passive 
voice usually requires more words (“the work that was done showed’. . .”) 
than the far more eloquent direct statement (“I showed that. ..”). 

Nonetheless, and even within these strictures of Draconian editing 
and self-selection of people with little concern for literary quality into the 
profession, a remarkable amount of good writing does sneak into the 
pages of our technical journals. For example, the most famous short paper 
of modern science, Watson and Crick’s announcement of the structure of 
DNA in 1953, begins with a crisp and elegant statement in the active voice 
(and certainly with requisite, if false, modesty): “We wish to suggest a 
structure for the salt of desoxyribose nucleic acid.” The paper then ends 
with a lovely use of a classical literary device (understatement), invoked 
here to lay claim to a significant conclusion of equal importance to the 

- discovery itself—an elucidation of the mechanism of replication, or self-. 
copying, by DNA molecules—that the authors had inferred from the 
structure but had not yet proven: “It has not escaped our notice that the 
specific pairing mechanism we have postulated immediately suggests a 
possible copying mechanism for the genetic material.” 

In any case, we need hardly mine the technical literature to find works 
of sufficiently high literary quality and intellectual importance to merit 
inclusion within the Modern Library Science Series. After all, the parallel 
genre of “popular science writing” has developed, akin and apace, with 
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technical publication. I do not speak of quick journalistic reads, hastily 
composed, consciously dumbed-down and hyped, and usually written by 
nonscientists without the requisite “feel” for the ethos of lab or field life in 
daily practice. Such works abound, and deserve their quick and perma- 
nent obsolescence. Rather, I speak of the fine literary skills possessed by 
several excellent scientists in each generation (not nearly a majority, of 
course, but we need representation, not saturation, and a little elitism is 
not a dangerous thing in this realm), These people write books of high lit- 
erary quality and intellectual content—volumes accessible to all, and ad- 
dressed equally to scientific peers and to a celebrated abstraction, doubted 
by some, but who really exist in large numbers, “the intelligent layperson” 
(again, far from a majority, but we Americans are 300 million strong, so 
even just a few percent of interested folks will buy more than enough 
books to justify the bottom line of the enterprise). 

The books in this series represent some excellent examples of this im- 
portant genre, spanning literature and science, readable by all, and writ- 
ten by leading experts who did the original work in their technical fields. 
Thus, this series does not try to develop a compendium of the most influ- 
ential works of science, in order of their putative importance—for some 
obvious contenders, Newton's Principia, for example, are truly inaccessi- 
ble to general audiences. Similarly, we do not present a compendium of 
the best literature about scientific subjects, for some of these works display 
more style than content. Rather, we include in this series important books 
that stand both as landmarks of original scientific accomplishment and as 
highly readable works of substantial literary skill, explanatory depth and 
clarity. 

The exclusion of some obvious candidates—Darwin’s Origin of Species 
comes first to mind—only records their continued and ready availability 
in good and inexpensive editions by other publishers. (Over the years, 
many of my graduate students in evolutionary biology, after reading and 
enjoying Darwin’s Origin of Species, then ask me, “Fine, I’ve now read the 
popular version, but where is the technical work that Darwin wrote for 
professionals before he watered down the Ovgin for lay readers?” I tell 
them that no such document exists, and that Darwin chose to present the 
greatest discovery in the history of biological thought as a volume for all 
intelligent readers. His achievement both validates the greatest traditions 
of humanism, and represents the common goal of the books reproduced 
in this series.) 
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We therefore pledge to give you, in this series, a set of the most read- 
able and influential books in the history of public understanding of sci- 
ence, all written by primary doers, not just secondary interpreters, of this 
great enterprise. The last line of the preface written to introduce Coper- 
nicus’s reconstruction of the universe in 1543 will therefore stand as the 
epitome of good advice to readers of this series: “eme, lege, fruere,” or “buy, 
read, and enjoy!” 


INTRODUCTION. 


F. L. Heilbron 


The censor who granted the imprimatur for Galileo’s Dialogue on the two 
chief world systems required a few changes. He began at the very beginning. 
Following an intimation by Pope Urban VIII, the censor, Niccolo Ric- 
cardi, would not allow the book to appear under the titilating title, On the 
flux and reflux of the tides, which Galileo had given it. Sometimes censorship 
improves style. That, however, was not the intention of the Pope or of his 
chief theologian Riccardi, who held, though not for long, the prestigious 
post of Master of the Sacred Palace. An inquiry into the reasons for their 
objection to Galileo’s title leads quickly to the core of his embroilment 
with the Inquisition. 


EBB AND FLOW 


Since 1616 a manuscript of Galileo’s entitled “On the Tides” had been 
circulating through Europe. It purported to show that only if the earth 
moved with both a diurnal motion (the twenty-four-hour axial revolu- 
tion) and an annual motion (the year-long seasonal journey) could the sea 
advance and recede as observed. Galileo made this well-traveled argu- 
ment the subject of conversation of the fourth and conclusive day of the 
Dialogue of 1632. As delivered by his spokesman Salviati, the phenomena 
of the tides appeared to offer an invincible proof of the earth’s double 
motion. Both Urban and Riccardi knew the argument. They refused to hi- 
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cense a book whose title would announce to the knowledgeable a demon- 
stration that the world is constructed as Copernicus had specified. 

Galileo wrote the manuscript of 1616 in response to an implicit chal- 
lenge from the head of the Holy Office (the Roman Inquisition). The 
challenger was Cardinal, now Saint, Robert Bellarmine, a Jesuit learned in 
astronomy as in many other things, and a vigilant guardian of the Counter 
Reformation. Besides censorship and vigilance, he practiced charity and 
piety, lived on water and garlic, and died literally in the odor of sanctity. It 
fell to him to adjudicate the complaint brought by some zealous priests 
against the theory of Copernicus and the few writers who had supported 
it. Galileo had distinguished himself among these writers by defending 
his views in a long letter to the pious mother of his employer, the Grand 
Duke of Tuscany. The letter to the grand duchess, a brilliant piece of ca- 
suistry, followed the arguments of Saint Augustine about the literal inter- 
pretation of scripture. On this account, passages that cast God in human 
form, talking and walking and working with his hands, are to be under- 
stood as metaphors suitable to the rude understandings of ancient people. 
Galileo tried to enroll passages in which the sun appears to move (as when 
Joshua commanded it to stand still) or the earth to rest (as when God fixed 
it to the pillars of the world) among the sacred simplifications. That was 
to trespass on the preserves of theologians. 

In accordance with its usual procedure, the Holy Office appointed a 
committee to examine Copernicus’ book, then, in 1615, over seventy years 
old. Although it had received the necessary ‘permissions, and the then- 
reigning pope, Paul III, had graciously accepted its dedication, Coperni- 
cus’ book was placed on the Index of Prohibited Books by Bellermine’s 
Holy Office donec corrigatur. This judgment of prohibition “until corrected” 
gave employment to a later committee. The corrections, issued in 1620, 
amounted to very little in words but to worlds in sense. Wherever Coper- 
nicus spoke of his system as a theory, he should be understood as having 
meant “hypothesis.” The few places in which he seemed to assert the real- 
ity of a moving earth and stationary sun were to be canceled altogether. 

The:committee that reported to Bellarmine recommended the con- 
demnation of heliocentrism because it was counter to the literal meaning 
of a dozen or so verses in the Bible. The committee found further that the 
doctrine that the sun moves and the earth rests was philosophically “ab- 
surd.” They had in mind Aristotle’s natural philosophy, which had been 
incorporated in the writings of Saint Thomas Aquinas, whose teachings 
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had been declared authoritative by the Counter Reformation. Thus did 
the theologians simultaneously uphold the word of scripture and the 
unity of revealed and natural knowledge. Bellarmine accepted the com- 
mittee’s findings and told Galileo neither to teach nor to hold the Coper- 
nican astronomy. To be sure, Bellarmine conceded, if irrefutable proof of 
the two motions could be adduced, the matter would have to be reopened. 
Until that time, which he doubted would ever come, Bellarmine insisted 
on the literal interpretation of the biblical texts. 

This was the implied challenge that Galileo answered with his theory 
of the tides. Unfortunately, as even his supporters later pointed out, his 
theory did not meet even the minimum standards of the unity of know]- 
edge. As will appear, it conflicted with the doctrine that he developed dur- 
ing the first three days of the Dialogue. 


PARRY AND THRUST 


Riccardi’s intervention prompted two other important improvements (in 
addition to the change of title) in Galileo’s manuscript. Worried that the 
Dialogues powerful advocacy of a sun-centered universe would make a 
mockery of the prohibition of 1616, Riccardi asked for some indications 
of the congency of the Church’s reasoning in promulgating it. Galileo re- 
sponded with a masterful tongue-in-cheek preface in his own name and a 
concluding remark by Simplicio, the stooge who defends Aristotelian phi- 
losophy in the Dialogue. The preface reversed the dodge of Anthony’s doge 
of Caesar; Galileo came to bury the prohibition of heliocentrism by 
praising the knowledge and wisdom of the Inquisition in enacting it. “It is 
not from failing to take account of what others have thought that we have 
yielded to asserting that the earth is motionless, and holding the contrary 
to be a mere mathematical caprice, but (if for nothing else) for those rea- 
sons that are supplied by piety, religion, the knowledge of God’s Om- 
nipotence, and the limitations of the human mind.” 

Like the title, the preface limits the cosmological contest to the Aris- 
totelian system, in which all the “planets,” including the sun and moon, 
orbit the earth, and the Copernican system, in which everything except 
the moon goes around the sun. That was good polemics but bad faith. 
When Galileo wrote the Dialogue, a third system had a greater following 
among savants than the design of Aristotle. The third way, proposed by 
the Danish astronomer Tycho Brahe, retained the earth at rest with the 
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luminaries encircling it, but put the other planets in orbit around the sun. 
The Tychonic system had many of the advantages of the Copernican 
without requiring the absurd doctrine that the immobile earth moves. The 
Jesuits accordingly preferred the Tychonic system and taught it in their 
mathematics courses. By omitting it from consideration, Galileo added to 
the Jesuits’ list of grievances against him (which included lampooning Je- 
suit writings on sunspots and comets) and deprived himself in advance of 
useful allies when he came under attack. 

Galileo’s other response to Urban and Riccardi’s demand for sops to. 
the theologians was to give Simplicio an unanswerable argument against 
the demonstration from the tides. Simplicio used a tactic often deployed 
by Urban. “God in His infinite power and wisdom could have [caused the 
_ tides]... . in many ways which are unthinkable to our minds. From this I 
forthwith conclude that, this being so,.it would be excessive boldness for 
anyone to limit and restrict the Divine power and wisdom to some partic- 
ular fancy of his own.” “An admirable and angelic doctrine,” Salviati 
replied, before turning it to his advantage. There was another doctrine, he 
said, equally divine. It allowed disputation about the constitution of the 
universe provided that the disputants did not forget that “we cannot dis- 
cover the work of His hands.” But that was to open the door widely 
enough. “Let us, then, exercise these activities permitted to us and or- 
dained by God, that we may recognize and thereby so much more admire 
His greatness, however much less fit we may find ourselves to penetrate 
the profound depths of His infinite wisdom.” 

Urban did not like finding his favorite epistemological solvent in the 
mouth of the idiot of the piece, the doddering Simplicio, nor its applica- 
tion by Salviati to justify cosmological speculations condemned by the In- 
quisition. Urban felt not only insulted, but also deceived. When a cardinal, 
he had befriended Galileo and, after rising to pope, granted him private 
interviews and other marks of favor. Urban’s amour propre as well as his pa- 
ternal vigilance were engaged in the inquisitorial action against Galileo. 
He presided over the showpiece trial. He allowed the charge, “vehemently 
suspected of heresy.” He upheld the findings of 1616, that heliocentrism 
was opposed to the literal word of scripture and absurd or rash in philos- 
ophy. And he ordered that copies of the sentence of Galileo and the pro- 
hibition against Copernicus be sent to all the universities and professors of 
mathematics and astronomy over whom or which he could claim any ju- 
risdiction. Nowhere in the proceedings, however, was heliocentrism itself 
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declared heretical except in the formal and reversible sense of “opposed 
to the obvious meaning of scripture.” Geocentrism has never been 
Catholic dogma. 


THE OPENING GAMBIT 


During the three days of discussion preceding the high tide of the fourth, 

_ Galileo’s personae debated the philosophical and physical underpinnings 
of the opposed systems. On the second and third days Salviati removed 
Simplicio’s objections to the diurnal and annual motions. The argument 
proceeded to the applause of Sagredo, a practical, commonsensical, open- 
minded man, who alternated with Salviati in praising the inventions of 
Galileo. Chief among Salviati’s arguments was the concept of relative 
motion. It answered Simplicio’s conventional objections to a spinning 
earth: if our globe moved as Copernicus required, a continual wind would 
blow from the East, flying birds would be left behind, a cannonball would 
carry farther in one direction than another, and a weight dropped from a 
tower would fall beyond its foot. Galileo-Salviati answered that no con- 
stant wind blows from the east, the birds do not fall behind, and so on, be- 
cause the atmosphere and all things in it participate in the earth’s rotation, 
as does the observer, who discerns no earthly consequences of his and 
their common motion. The demonstration from the tides supposed, how- 
ever, that the diurnal and annual motions can combine to create a differ- 
ence in velocity between places on the earth and the oceans covering 

_them. Some of Galileo’s disciples soon saw that on Galileo’s principles no 
difference in velocity should occur. The combination of the Copernican 
revolutions does not create a relative motion observable in the tides. 

The dispute over the physical consequences of the Copernican mo- 
tions stood at the center of discussions about the competing world sys- 
tems. But Galileo postponed this discussion in the Dialogue until he had 
accomplished a task he evidently thought more pressing, which was free- 
ing the moving earth and stationary sun from the charge of absurdity. 
Hence he began not with the observational consequences that, according 
to the received physics, militated against a moving earth, but with an at- 
tack on the philosophical foundations on which the old physics built. His 

_strategy produced the abstract.and, to modern readers, slow and unper- 
suasive opening of the great polemical dialogue. It might ease access to 
the book to review its opening argument here. 
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The first day’s conversation begins with an examination of Aristotle’s 
explanations of the unblinkable fact that all real bodies have length, 
breadth, and depth. These properties make a threesome, and three, like 
the world of which the bodies are a part, is full and complete; a syllogism 
perhaps not entirely compelling, which Aristotle bolstered, as was his 
wont, by reference to common speech and to the opinions of earlier 
philosophers. Simplicio exhumed these arguments from texts. Salviati 
challenged him by drawing lines on paper. Geometry revealed immedi- _ 
ately why the world is complete in three dimensions: no more than three 
mutually perpendicular lines can be drawn intersecting one another at a 
point. How was this impossibility known? By trial and failure. In the open- 
ing skirmish of the first day’s dialogue, Galileo excavated a divide be- 
tween progressive and accurate philosophers like himself, who built 
firmly on empirical evidence and mathematical demonstrations, and tra- 
ditionalists caricatured in Simplicio, who retrieved from books imprecise 
and implausible assertions concerning a world they would rather read 
about than experience. According to Galileo, the battle over the world 
systems pitted independent observation and exact analysis against blink- 
ered authority and fuzzy arguments. 


Wo i 


For liberal minds the action of the Inquisition against Galileo has become 
a symbol of the illegitimate exercise of authority over freedom of thought 
as well as an unforgivable injustice against an old man whose only crime 
was an overfondness for his own harmless ideas. Apologists for the prose- 
cution reply that, because Galileo violated an injunction given directly to 
him not to hold or teach ideas he subsequently defended most persua- 
sively, he was rightly suspected of heresy. The Inquisition had either to 
proceed against him or suffer a loss of authority. This much, however, is 
certain: the Church made a big mistake in laying down a prohibition that - 
would discourage mathematicians and astronomers from serving it. 

As the largest landowner in Italy the Roman Catholic Church needed 
technicians to erect and repair buildings, drain swamps, canalize rivers, 
and control floods; as the proprietor of the most extensive system of 
schools in Europe, it needed up-to-date experts on all subjects to stay 
competitive with the Protestants; and as ecumenical and universal, it 
needed computists to regulate the ecclesiastical calendar and to deter- 
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mine the correct dates for movable feasts. All these occupations came 
under the heading of mixed mathematics. Now, the favorite subject of 
mixed mathematicians during the seventeenth century was astronomy. 
Since the Church did not want to alienate a group so necessary to its func- 
tioning as mathematicians, astute administrators looked for ways to avoid 
enforcing the prohibition against teaching Copernicanism. 

A generation after the condemnation of Galileo, an astronomical in- 
strument set up in the cathedral of Bologna in the heart of the papal © 
States disclosed data favorable to heliocentrism. By the 1660s a sub- 
terfuge, perfected by the Jesuits, which allowed teaching Copernican the- 
ory as a hypothesis, was working effectively, even in central Italy. 
Typically, a textbook writer developed geocentric accounts of the sun, 
moon, and stars and shifted to Copernicus for the planets, which made 
good pedagogy as well as good cover. In the early eighteenth century the 
Church allowed a reprinting of Galileo’s condemned Dialogue with a few 
excisions and a copy of the edict against it. In 1757, Benedict XIV, a pope 
favorable to natural philosophy, ordered the removal of the blanket con- 
demnation of heliocentrism from the Index of Prohibited Books. In 1789 
an attempt was planned but, alas, not implemented, to demonstrate the 
earth’s rotation by dropping weights from the cupola of Saint Peter’s in 
Rome. The experiment, carried out instead in a tower in Bologna, de- 
tected the slight easterly displacement that, according to Newtonian me- 
chanics, should be found between the point directly under the place of the 
weight’s release and the spot where it lands. 

Owing to Urban’s participation in the decree against Galileo, however, 
neither Benedict nor his immediate successors thought the time ripe to 
remove the Dialogue from the Index. That happened in 1835, following a 
decree of the Holy Office in 1822, which resulted from a petition to Pope 
Pius VII by a professor of astronomy in Rome whose book had been re- 
fused by the Master of the Sacred Palace. The professor, Giuseppe Set- 
tele, had not bothered to wet his work with the holy water of hypothesis, 
but had written about heliocentrism as if he believed in it. The Master at 
first refused to execute the order favoring Settele in which the pope and 
the Holy Office concurred, wrongly believing that a formal decision pro- 
mulgated by a pope, however nonsensical and counterproductive it had 
proved, had to be upheld. Eventually, the Master consulted his own safety 
and canceled his objection. 

The action did not rehabilitate Galileo. In 1979, almost fifty years after 
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an aborted attempt to bring Galileo back into the fold in time for the 
300th anniversary of his death, Pope John Paul II set up a commission of 
theologians, historians, and scientists to re-examine the case. The upshot 
was a recognition that the theologians of old had erred in taking the Bible 
to be a textbook of astronomy. They and Galileo had shared a “tragic re- 
ciprocal imcomprehension,” or so the pope said in 1992, apparently his 
last word on the subject. There has not been a papal apology. But that 
would be premature. The case has been argued for only 370 years. 


i 


THE. TRANS LAcLLOM, 


Galileo posed a special threat to the Church because he knew how to 
write. Witty, sarcastic, informative, and profound, he occupies a place 
among the stylists of Italian literature, To English speakers, however, his 
voice is that of Stillman Drake, who for forty years, from his first publica- 
tion of the Dialogue in 1953 almost up to his death in 1993, devoted him- 
self to translating Galileo’s works. Drake shared with Galileo a sharp wit, 
a belief in Galileo’s infallibility, and a disdain for academics, especially 
philosophers. Although Drake graduated from the University of Califor- 
nia at Berkeley with a degree in philosophy, to which two years later (in . 
1934) he added a teaching credential in mathematics, he spent most of his 
adult life in a world system far from academia. He was a financial advisor 
especially knowledgeable about bonds. His interest in Galileo developed 
from book collecting, which his business allowed him to indulge, and from 
his expertise in early modern music. Galileo’s father was a composer and 
theorist; Galileo himself played the lute and Drake the viola da gamba, 
Drake’s career as translator originated as a pastime while commuting to 
work. He began with the Dialogue because it was the most influential of 
Galileo’s writings and because the only existing English version, made in 
the middle of the seventeenth century, lacked the verve of the original. 
While a financier, Drake developed into the foremost Galileo scholar in 
the English-speaking world. In 1967 he became professor of the history of 
science at the University of Toronto, his first and only academic post. 
Drake was much more than a faithful translator. He was perforce also 
an interpreter, the spokesman of a seventeenth-century Italian courtier, 
mathematician, and philosopher to a twentieth-century Anglophone 
readership largely ignorant of most of the relevant aspects of the late Re- 
naissance. Drake’s interpretations were informed by a rich and unrelent- 
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ing scholarship, which he took care not to thrust upon Galileo’s readers. 
The relatively few notes he added to the Dialogue are indicated unobtru- 
sively by daggers in the text and collected at the end of the volume. The 
self-effacing translator gave his work to the University of California Press, 
which published it in hardcover and paperback. The new Modern Library 
edition appears in time for the next rounds of the Galileo story, the in- 
evitably insufficient apologies, and the probable beatification. 


PUR THERE A DING 


Those who require more guidance than Drake’s disciplined notes should 
consult his Galileo at Work (Chicago, 1978), which contains an annotated 
list of earlier biographies he thought worthy of attention. To them should 
be added a few recent books of general interest: Annibile Fantoli, Ga/ileo: 
For Copernicanism and for the Church (1994, 1996), an informed, reliable, and 
unoffensively apologetic study published by the Vatican Observatory; 
James Reston, Jr., Galileo, a Life (HarperCollins, 1994), readable, modern, 
though more about the person than the science; Mario Biagioli, Galileo 
Courtier: The Practice of Science in the Culture of Absolutism (Chicago, 1993), 
on a careerist’s exploitation of superior knowledge; and Dava Sobel, 
Galileo's Daughter: A Drama of Science, Faith and Love (Fourth Estate, 1999), 
on the domestic and paternal side of the great man as portrayed in letters 
from Sister Maria Celeste to her father. 

Readers wanting more systematic exploration of Galileo the savant 
would do well to begin with The Cambridge Companion to Galileo (Cam- 
bridge, 1998), edited by Peter Machamer, which compiles current expert 
opinion on Galileo’s place in the history of Western thought. The Dialogue 
has been analyzed many times, most recently by Maurice A. Finocchiaro, 
Galileo on the World Systems: A New Abridged Translation and Guide (California, 
1997), which omits the unappealing opening of the first day’s talk. On the 
ever appealing question of Galileo’s trial and condemnation, Finocchiaro 
has compiled an accessible collection of documents, The Galileo Affair: A- 
Documentary History (California, 1991). Until the appearance of his sequel 
on the history of the affair after the condemnation, those interested might 
make do with my The Sun in the Church (Harvard, 1999), which describes 
effects of the condemnation of Galileo on Italian science up to the re- 
moval of the general proscription against heliocentrism under Benedict 
XIV. 
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FOREWORD 


Galileo’s Dialogue Concerning the Two Chief World Systems is a mine of in- 
formation for anyone interested in the cultural history of the Western 
world and its influence upon economic and political development. 

A man is here revealed who possesses the passionate will, the intel- 
ligence, and the courage to stand up as the representative of rational 
thinking against the host of those who, relying on the ignorance of the 
people and the indolence of teachers in priest’s and scholar’s garb, 
maintain and defend their positions of authority. His unusual literary 
gift enables him to address the educated men of his age in such clear 
and impressive language as to overcome the anthropocentric and 
mythical thinking of his contemporaries and to lead them back to an 
objective and causal attitude toward the cosmos, an attitude which had 
become lost to humanity with the decline of Greek culture. 

In speaking this way I notice that I, too, am falling in with the gen- 
eral weakness of those who, intoxicated with devotion, exaggerate the 
stature of their heroes. It may well be that during the seventeenth cen- 
tury the paralysis of mind brought about by the rigid authoritarian 
tradition of the Dark Ages had already so far abated that the fetters of 
an obsolete intellectual tradition could not have held much longer— 
with or without Galileo. 

Yet these doubts concern only a particular case of the general prob- 
lem concerning the extent to which the course of history can be deci- 
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sively influenced by single individuals whose qualities impress us as 
accidental and unique. As is understandable, our age takes a more 
sceptical view of the role of the individual than did the eighteenth and 
the first half of the nineteenth century. For the extensive specializa- 
tion of the professions and of knowledge lets the individual appear 
“replaceable,” as it were, like a part of a mass-produced machine. 

Fortunately, our appréciation of the Dialogue as a historical docu- 
ment does not depend upon our attitude toward such precarious ques- 
tions. To begin with, the Dialogue gives an extremely lively and 
persuasive exposition of the then prevailing views on the structure of 
the cosmos in the large. The naive picture of the earth as a flat disc, 
combined with obscure ideas about star-filled space and the motions 
of the celestial bodies, prevalent in the early Middle Ages, represented 
a deterioration of the much earlier conceptions of the Greeks, and in 
particular of Aristotle’s ideas and of Ptolemy’s consistent spatial con- 
cept of the celestial bodies and their motions. The conception of the 
world still prevailing at Galileo’s time may be described as follows: 

There is space, and within it there is a preferred point, the center of 
the universe. Matter—at least its denser portion—tends to approach 
this point as closely as possible. Consequently, matter has assumed ap- 
proximately spherical shape (earth). Owing to this formation of the 
earth the center of the terrestrial sphere practically coincides with 
that of the universe. Sun, moon, and stars are prevented from falling 
toward the center of the universe by being fastened onto rigid (trans- 
parent) spherical shells whose centers are identical with that of the 
universe (or space). These spherical shells revolve around the immov- 
able globe (or center of the universe) with slightly differing angular 
velocities. The lunar shell has the smallest radius; it encloses every- 
thing “terrestrial.” The outer shells with their heavenly bodies repre- 
sent the “celestial sphere” whose objects are envisaged as eternal, 
indestructible, and inalterable, in contrast to the “lower, terrestrial 
sphere” which is enclosed by the lunar shell and contains everything 
that is transitory, perishable, and “corruptible.” 

Naturally, this naive picture cannot be blamed on the Greek as- 
tronomers who, in representing the motions of the celestial bodies, 
used abstract geometrical constructions which grew more and more 
complicated with the increasing precision of astronomical observa- 
tions. Lacking a theory of mechanics they tried to reduce all compli- 
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cated (apparent) motions to the simplest motions they could conceive, 
namely, uniform circular motions and superpositions thereof. Attach- 
ment to the idea of circular motion as the truly natural one is still 
clearly discernible in Galileo; probably it is responsible for the fact 
that he did not fully recognize the law of inertia and its fundamental 
significance. 

Thus, briefly, had the ideas of later Greece been caalai adapted to 
the barbarian, primitive mentality of the Europeans of that time. 
Though not causal, those Hellenistic ideas had nevertheless been ob- 
jective and free from animistic views—a merit which, however, can be 
only conditionally conceded to Aristotelian cosmology. 

In advocating and fighting for the Copernican theory Galileo was 
not only motivated by a striving to simplify the representation of the 
celestial motions. His aim was to substitute for a petrified and barren 
system of ideas the unbiased and strenuous quest for a deeper and 
more consistent comprehension of the physical and astronomical 
facts. 

The form of dialogue used in his work may be partly re to Plato’s 
shining example; it enabled Galileo to apply his extraordinary literary 
talent to the sharp and vivid confrontation of opinions. To be sure, he 
wanted to avoid an open commitment in these controversial questions 
that would have delivered him to destruction by the Inquisition. 
Galileo had, in fact, been expressly forbidden to advocate the Coper- 
nican theory. Apart from its revolutionary factual content the Dialogue 
represents a downright roguish attempt to comply with this order in 
appearance and yet in fact to disregard it. Unfortunately, it turned out 
that the Holy Inquisition was unable to appreciate adequately such 
subtle humor. 

The theory of the immovable earth was based on the hypothesis 
that an abstract center of the universe exists. Supposedly, this center 
causes the fall of heavy bodies at the earth’s surface, since material 
bodies have the tendency to approach the center of the universe as far 
as the earth’s impenetrability permits. This leads to the approximately 
spherical shape of the earth. 

Galileo opposes the introduction of this “nothing” (center of the’ 
universe) that is yet supposed to act on material bodies; he considers 
this quite unsatisfactory. 

But he also draws attention to the fact that this unsatisfactory hy- 
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pothesis accomplishes too little. Although it accounts for the spherical 
shape of the earth it does not explain the spherical shape of the other 
heavenly bodies. However, the lunar phases and the phases of Venus, 
which latter he had discovered with the newly invented telescope, 
proved the spherical shape of these two celestial bodies; and the de- 
tailed observation of the sunspots proved the same for the sun. Actu- 
ally, at Galileo’s time there was hardly any doubt left as to. the 
spherical shape of the planets and stars. 

Therefore, the hypothesis of the “center of the universe” had to be 
replaced by one which would explain the spherical shape of the stars, 
and not only that of the earth. Galileo says quite clearly that there 
must exist some kind of interaction (tendency to mutual approach) of 
the matter constituting a star. The same cause has to be responsible 
(after relinquishing the “center of the universe”) for the free fall of 
heavy bodies at the earth’s surface. — 

Let me interpolate here that a close analogy exists between 
Galileo’s rejection of the hypothesis of a center of the universe for the 
explanation of the fall of heavy bodies, and the rejection of the hy- 
pothesis of an inertial system for the explanation of the inertial be- 
havior of matter. (The latter is the basis of the theory of general 
relativity.) Common to both hypotheses is the introduction of a con- 
ceptual object with the following properties: 


1. It is not assumed to be real, like ponderable matter (or a “field”). 
2. It determines the behavior of real objects, but it is in no way af- 
fected by them. 


The introduction of such conceptual elements, though not exactly in- 
~ admissible from a purely logical point om view, 1s Repugcanis to the sci- 
entific instinct. 

Galileo also recognized that the effect of gravity on freely falling 
bodies manifests itself in a vertical acceleration of constant value; 
likewise that an unaccelerated horizontal motion can be superposed 
on this vertical accelerated motion. 

These discoveries contain essentially—at least qualitatively—the 
basis of the theory later formulated by Newton. But first of all the gen- 
eral formulation of the principle of inertia is lacking, although this 
would have been easy to obtain from Galileo’s law of falling bodies by 
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a limiting process. (Transition to vanishing vertical acceleration.) 
Lacking also is the idea that the same matter which causes a vertical 
acceleration at the surface of a heavenly body can also accelerate an- 
other heavenly body; and that such accelerations together with inertia 
can produce revolving motions. There was achieved, however, the 
knowledge that the presence of matter (earth) causes an acceleration 
of free bodies (at the surface of the earth). 

It is difficult for us today to appreciate the imaginative power made 
manifest in the precise formulation of the concept of acceleration and 
in the recognition of its physical significance. : 

_ Once the conception of the center of the universe had, with good 
reason, been rejected, the idea of the immovable earth, and, generally, 
of an exceptional role of the earth, was deprived of its justification. 
The question of what, in describing the motion of heavenly bodies, 
should be considered “at rest” became thus a question of convenience. 
Following Aristarchus and Copernicus, the advantages of assuming 
the sun to be at rest are set forth (according to Galileo not a pure con- 
vention but a hypothesis which is either “true” or “false”). Naturally, it 
is argued that it is simpler to assume a rotation of the earth around its 
axis than a common revolution of all fixed stars around the earth. Fur- 
thermore, the assumption of a revolution of the earth around the sun 
makes the motions of the inner and outer planets appear similar and 
does away with the troublesome retrograde motions of the outer plan- 
ets, or rather explains them by the motion of the earth around the sun. 

Convincing as these arguments may be—in particular coupled 
with the circumstance, detected by Galileo, that Jupiter with its moons 
represents so to speak a Copernican system in miniature—they still 
are only of a qualitative nature. For since we human beings are tied to 
the earth, our observations will never directly reveal to us the “true” 
planetary motions, but only the intersections of the lines of sight 
(earth—planet) with the “fixed-star sphere.” A support of the Coperni- 
can system over and above qualitative arguments was possible only by 
determining the “true orbits” of the planets—a problem of almost in- 
surmountable difficulty, which, however, was solved by Kepler (during 
Galileo’s lifetime) in a truly ingenious fashion. But this decisive 
progress did not leave any traces in Galileo’s life work—a grotesque 
_ illustration of the fact that creative individuals are often not receptive. 
Galileo takes great pains to demonstrate that the hypothesis of the 
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rotation and revolution of the earth is not refuted by the fact that we. 
do not observe any mechanical effects of these motions. Strictly 
speaking, such a demonstration was impossible | because a complete 
theory of mechanics was lacking. I think it is just in the struggle with 
this problem that Galileo’s originality is demonstrated with particular 
force. Galileo is, of course, also concerned to show that the fixed stars 
are too remote for parallaxes produced by the yearly motion of the 
earth to be detectable with the measuring instruments of his time. 
This investigation also is ingenious, notwithstanding its primitiveness. 

It was Galileo’s longing for a mechanical proof of the motion of the 
earth which misled him into formulating a wrong theory of the tides. 
The fascinating arguments in the last conversation would hardly have 
been accepted as proofs by Galileo, had his temperament not got the 
better of him. It is hard for me to resist the temptation to deal with this 
subject more fully. 

The Jeitmotif which I recognize in Galileo’s work is the passionate 
fight against any kind of dogma based on authority. Only experience 
and careful reflection are accepted by him as criteria of truth. Nowa- 
days it is hard for us to grasp how sinister and revolutionary such an 
attitude appeared at Galileo’s time, when merely to doubt the truth of 
opinions which had no basis but authority was considered a capital 
crime and punished accordingly. Actually we are by no means so far 
removed from such a situation even today as many of us would like to 
flatter ourselves; but in theory, at least, the. principle of unbiased 
thought has won out, and most people are willing to pay lip service to 
this principle. 

It has often been maintained that Galileo became the father of 
modern science by replacing the speculative, deductive method with 
the empirical, experimental method. I believe, however, that this inter- 
pretation would not stand close scrutiny. There is no empirical 
method without speculative concepts and systems; and there is no 
speculative thinking whose concepts do not reveal, on closer investiga- 
tion, the empirical material from which they stem. To put into sharp 
contrast the empirical and the deductive attitude is misleading, and 
was entirely foreign to Galileo. Actually it was not until the nineteenth 
century that logical (mathematical) systems whose structures were 
completely independent of any empirical content had been cleanly 
extracted. Moreover, the experimental methods at Galileo’s disposal 
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were so imperfect that only the boldest speculation could possibly 
bridge the gaps between the empirical data. (For example, there ex- 
isted no means to measure times shorter than a second.) The antithe- 
sis Empiricism vs. Rationalism does not appear as a controversial point 
in Galileo’s work. Galileo opposes the deductive methods of Aristotle 
and his adherents only when he considers their premises arbitrary or 
untenable, and he does not rebuke his opponents for the mere fact of 
using deductive methods. In the first dialogue, he emphasizes in sev- 
eral passages that according to Aristotle, too, even the most plausible 
deduction must be put aside if it is incompatible with empirical find- 
ings. And on the other hand, Galileo himself makes considerable use 
of logical deduction. His endeavors are not so much directed at “fac- 
tual knowledge” as at “comprehension.” But to comprehend is essen- 
tially to draw conclusions from an already accepted logical system. 


ALBERT EINSTEIN 
Authorized translation by Sonja Bargmann. 
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THE TRANSLATOR’S PREFACE 


Galileo's Dialogue ranks high among the classics of science, and is de- 
servedly even more famous as a chapter in the struggle for freedom of 
thought. It was not Galileo’s greatest contribution to the body of sci- 
entific knowledge, and yet in a sense it was his most significant service 
to science itself, for it effectively made clear to scientists and nonsci- 
entists alike the claims of experiment and observation as against those- 
of authority and tradition. As Professor Einstein has remarked, this 
would have been done anyway, even if Galileo had not accomplished 
it, and might perhaps have been not much longer delayed if he had 
never lived. Yet the fact remains that this is the book which historically 
did the most toward breaking down the religious and academic barri- 
ers against free scientific thought. Moreover, unlike most scientific 
classics, it is a book which was capable of interesting the layman and 
which still is today. Despite all this, the Dialogue has remained practi- 
cally unavailable to the English reader for nearly three centuries. It is 
now some two decades since I first noticed this extraordinary breach in 
our literature of the history and philosophy of science, and more than 
a decade since I commenced the task of repairing it. 

The story of Galileo and of this book has been told frequently and 
well. Born at Pisa in 1564, of noble but impoverished parents, Galileo re- 
ceived his childhood instruction from a talented father who, besides 
being well versed in mathematics, was a very accomplished musician and 
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the author of a Dialogue on Ancient and Modern Music. From him Galileo 
learned to play the organ and other instruments, among which the lute 
remained his favorite and gave him solace in his final years of blindness. 

At the age of seventeen, Galileo was sent to study medicine at the 
University of Pisa. Instruction in mathematics which he contrived to 
get from a tutor at the Tuscan court soon caused him to lose interest in 
his medical course, and by 1586 he had composed his first scientific 
work, an essay on the hydrostatic balance (not published until 1644). 
He had already noticed the isochronism of the pendulum and sug- 
gested its use as a timekeeper. By 1589 he had achieved the professor- 
ship of mathematics at Pisa. Tradition, unsupported by contemporary 
records, says that about this time he publicly demonstrated the unreli- 
ability of Aristotle’s physical views by simultaneously dropping two 
balls of very unequal weight from the Leaning Tower. In 1592 he ob- 
tained the mathematics professorship at Padua, and there he remained 
until 1610. His invention of a primitive thermometer and his applica- 
tion of the telescope to the heavens belong to the Padua period, which 
was one of unceasing activity. 

From 1611 until his imprisonment by the Inquisition, Galileo 
served as mathematician and philosopher to the Grand Duke at Flor- 
ence. The five years following his new appointment were very fruitful; 

-Galileo composed papers on the roughness of the moon’s surface, on 
floating bodies, on the sunspots, and on the tides. Most interesting for 
us was his Letter to the Grand Duchess Christina on the reconciliation of 
the Scriptures with his new astronomical discoveries and with the 
Copernican system. Many of his friends urged him to stay out of con- 
troversies and to refrain from publishing: “Why court martyrdom for 
the sake of winning fools from their folly?” But Galileo persisted, and 
late in 1615 he went to Rome in an effort to win favor for the Coper- 
nican view from high officials of the Church. Although received in a 
friendly manner by several cardinals and by the pope, he was not only 
unsuccessful in his purpose, but worse; the Congregation of the Index 
decreed instead to ban Copernicus’s book until certain “corrections” 
were made in it, and Galileo was cautioned not to hold or defend its 
doctrines any longer. He may also have been ordered not to teach 
them, though the only evidence for this is an unsigned memorandum 
(at one time believed to have been a forgery) which was produced at 
his ultimate trial and condemnation in 1633. 
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By 1620 Galileo had made enemies among the Jesuits and the Do- 
minicans, chiefly as a result of numerous controversies in print over 
the nature of sunspats (Galileo being in the right) and of comets 
(Galileo being in the wrong). In 1623 he published J Saggiatore, his 
masterpiece in the philosophy of science, designed as an answer to a 
Jesuit’s book on the three comets of 1618 and containing a detailed ex- 
position of the underlying principles of experimental science and the 
empiricist philosophy. Shortly before its publication Pope Gregory XV 
died and Cardinal Maffeo Barberini was elected, taking the name 
Urban VIII; Barberini had a real love for art and science, had been op- 
posed to the decree of 1616, and was personally favorable to Galileo. 
Galileo promptly dedicated his book to the new pope, putting his op- 
ponents on the defensive. He now threw himself into the task of com- 
posing the Dialogue, believing that it would be assured of license for 
publication. Yet when it was completed, late in 1629, a whole new se- 
ries of obstacles appeared, and more than a year was spent in either 
meeting the various conditions imposed upon him, or evading them 
wherever circumstances made this possible. 

The Dialogue was an immense success upon publication, and by the 
time Galileo’s enemies had succeeded in banning it some five months 
later, there was scarcely a copy to be found with. the booksellers. 
Galileo was ordered to Rome despite his plea of age (nearly seventy 

_ years) and infirmity. His treatment there was humane, but the Inquisi- 
tion was unyielding in its demand that Galileo abjure his error in hold- 
ing and teaching the Copernican view. In their zeal, the inquisitors 
themselves committed an error of considerable moment by declaring 
the view that the sun is immovable to be formally heretical—a status 
which it never had and never has achieved. This error was one which 
Galileo himself had earnestly hoped the Church would never make, in 
view of the serious consequences to religion of branding as heretical 
an opinion which might eventually be physically proven to be true. A 
note to this effect, found among the fragments written in his personal 
copy. of the Dialogue, serves as the motto for this edition. Arguments in 
a similar vein make up a considerable part of the Letter to the Grand 
Duchess. An amusing and ironical touch to the entire proceeding is that 
although the anger of Pope Urban VIII toward Galileo at the time of 
the trial had its origin in Galileo’s having meddled in “high matters” 

(i.e, having tried to argue the theological merits as well as the scien- 
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tific aspects of the case), the Church not only eventually conceded the 
correctness of Galileo’s science, but has recently adopted views very 
similar to his theological arguments also. Thus in the papal encyclical 
Humani Generis of August 12, 1950, we read of the “naif, symbolical 
way of talking [in the first eleven books of the Bible] well suited to the 
understanding of a primitive people,” and in Galileo’s Letter of 1615 
the following passage occurs: “Since it is very obvious that it was nec- 
essary to attribute motion to the sun and rest to the earth, in order not 
to confound the shallow understanding of the common people and 
make them obstinate and perverse about believing in the principal ar- 
ticles of the faith, it is no wonder that this was very wisely done in the 
divine Scriptures.” 

Some critics have portrayed Galileo as a coward in his abyuration, 
comparing him unfavorably with Giordano Bruno, who had been 
burned at the stake in 1600 rather than recant his belief in the Coper- 
nican system and the plurality of worlds. Others have represented 
Galileo as a martyr of science. Both views appear to me to be curi- 
ously unrealistic. Neither a coward nor a martyr, Galileo acted as 
would any shrewd and practical man. Having secured the publication 
of his opus majus, having seen it widely distributed and received with 
acclaim, knowing that the facts and the ideas in it would work for 
themselves regardless of his subsequent actions, and not wishing to 
submit to torture and execution for no purpose, he consented to sign a 
statement which had been prepared for him and in which the most 
significant passage was essentially true: 

“But whereas—after an injunction had been judicially intimated to 
me by this Holy Office, to the effect that I must altogether abandon the 
false opinion that the sun is the center of the world and immovable, 
and that the earth is not the center of the world, and moves, and that I 
must not hold, defend, or teach in any way whatsoever, verbally or in 
writing, the said doctrine, and after it had been notified to me that the 
said doctrine was contrary to Holy Scripture—I wrote and printed a 
book in which I discuss this doctrine already condemned, and adduced 
arguments of great cogency in its favor, without presenting any solu- 
tion of these; and for this cause I have been pronounced by the Holy 
Office to be vehemently suspected of heresy—that is to say, of having 
held and believed that the sun is the center of the world and immoy- 
able, and that the earth is not the center, and moves: 


The Translator’s Preface - xxxv 


“Therefore, desiring to remove from the minds of your Eminences, 
and of all faithful Christians, this strong suspicion reasonably con- 
ceived against me, with sincere heart and unfeigned faith I abjure, 
curse, and detest the aforesaid errors and heresies, and generally every 
other error and sect whatsoever contrary to the said Holy Church... .” 

Although technically imprisoned for the balance of his life, Galileo 
was in fact treated humanely and considerately, was housed in com- 
fortable surroundings and was permitted to pursue his researches in 
the company of his favorite pupils. During his remaining years he 
wrote the Discourses and Demonstrations Concerning Two New Sciences, his 
supreme contribution to physics, published at Leyden in 1638. By Jan- 
uary of that year he was totally blind. John Milton, who visited him a 
few months later, wrote: “There it was that I found. and visited the fa- 
mous Galileo, grown old, a prisoner to the Inquisition for thinking in 
Astronomy otherwise than the Franciscan and Dominican licensers of 
thought.” Galileo’s death occurred on January 8, 1642. | 

The Dialogue was written in colloquial Italian rather than in Latin 
(into which it was shortly translated) in order to reach the widest pos- 
sible audience. Within thirty years it had been put into English by 
Thomas Salusbury (Mathematical Collections and Translations, London, 
1661), but only a few copies of this work survive, probably because of 
the great fire of London five years later. It was never reprinted,* and 
would present difficulties to the modern English reader despite the 
careful and conscientious work of Salusbury, who attempted to pre- 
serve in English the very long and involved sentences of the Italian 
original. In my opinion the spirit and the historical role of the work 
demand reasonably easy reading in preference to strict literalness, 
even at the price of taking certain liberties with the text. This I have 
not hesitated to do, being heartened by Galileo’s known abhorrence of 
pedantry; in the margin of his copy of Antonio Rocco’s book attacking 
the Dialogue he wrote: “... if | had been writing for pedants, I should 
have spoken like a pedant, as you do; but writing for those who are ac- 
customed to reading serious authors, I have spoken as the latter speak.” 
My wish was to make Salviati speak so to modern ears. 


. *Salusbury’s translation was revised and edited by Giorgio de Santillana and published 
by the University of Chicago Press in 1953. A facsimile reprint of Salusbury’s Collections is 
now in preparation in London. 
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The present translation has been made entirely anew, using the de- 
finitive National Edition prepared under the direction of Antonio 
Favaro and published at Florence in 1897. The material specifically 
added to the text by Galileo himself after publication of the first edi- 
tion (1632) has been included, and indicated by enclosure in square 
brackets. Galileo’s postils (running notes in the margin) have been 
placed as nearly as possible beside their textual references. The por- 
trait of Galileo used as a frontispiece is reproduced from // Saggzatore. 

There is an excellent German translation by Emil Strauss (Leipzig, 
1891) which has been my guide in conjunction with Salusbury’s book 
during the course of this translation. In writing my notes I have drawn 
heavily upon the erudition of Strauss and of Professor Pietro Pagnini, 
who wrote the notes for an excellent modern Italian edition published 
by the Casa Editrice Adriano Salani,(Florence, 1935). In order not to 
disturb the reader’s eye unnecessarily, all notes (with the exception of 
Galileo’s postils) have been placed at the end of the text, where they 
are arranged in order of the pages to which they refer. 

I am much indebted to Sig. Vittorio di Suvero of San Francisco, 
who has been kind enough to check the translation for me and has 
made a number of essential corrections and valuable suggestions. The 
English version has been read at my request by Mr. Daniel Belmont of 
San Francisco and by Dr. Mark Eudey and Professor Ralph Hultgren 
of Berkeley; to each J am obliged for various corrections and improve- 
ments which have been incorporated into the present text and notes. 
Mr. Stephen Heller of Ross has prepared many of the illustrations. 
- Professor William Hardy Alexander of Berkeley has given me valu- 
able aid on both the Latin translations and the English text. Mr. 
Maxwell E. Knight and Mr. John Jennings have assisted me greatly in 
giving the work its final form. The famous engraved title page is re- 
produced from the first edition in the collection of John Howell. I wish 
also to acknowledge with thanks the kind permission of Sig. Mario 
Salani to borrow from Professor Pagnini’s notes. Grateful acknowledg- 
ment is also made to the Clarendon Press for the privilege of quoting 
directly from The Oxford Translation of Aristotle, and in particular from 
the translation of De Caelo by J. L. Stocks and of Physica by R. P. Hardie 
and R. K. Gaye. 
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Cota THE SECOND EDITION 


The foregoing preface is virtually unchanged from that of the 1953 
edition. I no longer believe that Galileo was entirely in the wrong con- 
cerning comets; my present views are set forth in the introduction to 
The Controversy on the Comets of 1618 (Philadelphia, 1960). My recon- 
struction of the events of 1615-1616 and 1633 which resulted in 
Galileo’s abjuration and sentencing has been published as an appendix _ 
to Ludovico Geymonat’s Galileo Galilei (New York, 1965). 

In the present edition, many corrections or revisions of text and 
notes have been made. Some additional notes which are not indicated 
in the text will be found in their proper order at the end, keyed as be- 
fore by page and line number and catchword. 

San Francisco 
November 25, 1966 
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THE AUTHOR’S DEDICATION TO 
THE GRAND DUKE 


OF TUSCANY 


Most SERENE GRAND DUKE: 

Though the difference between man and the other animals is enor- ’ 
mous, yet one might say reasonably that it is little less than the differ- 
ence among men themselves. What is the ratio of one to a thousand? 
Yet it is proverbial that one man is worth a thousand where a thousand 
are of less value than a single one. Such differences depend upon di- 
verse mental abilities, and I reduce them to the difference between 
being or not being a philosopher; for philosophy, as the proper nutri- 
ment of those who can feed upon it, does in fact distinguish that single 
man from the common herd in a greater or less degree of merit ac- 
cording as his diet varies. 

He who looks the higher is the more highly distinguished, and 
turning over the great book of nature (which is the proper object of 
philosophy) is the way to elevate one’s gaze. And though whatever we 
read in that book is the creation of the omnipotent Craftsman, and is 
accordingly excellently proportioned, nevertheless that part is most 
suitable and most worthy which makes His work and His craftsman- 
ship most evident to our view. The constitution of the universe I be- 
lieve may be set in first place among all natural things that can be 
known, for coming before all others in grandeur by reason of its uni- 
versal content, it must also stand above them all in nobility as their 
rule and standard. Therefore if any men might claim extreme distinc- 
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tion in intellect above all mankind, Ptolemy and Copernicus were 
such men, whose gaze was thus raised on high and who philosophized 
about the constitution of the world. These dialogues of mine revolv- 
ing principally around their works, it seemed to me that I should not 
dedicate them to anyone except Your Highness. For they set forth the 
teaching of these two men whom I consider the greatest minds ever to 
have left us such contemplations in their works; and, in order to avoid 
any loss of greatness, must be placed under the protection of the 
greatest support I know from which they can receive fame and patron- 
age. And if those two men have shed so much light upon my under- 
standing that this work of mine can in large part be called theirs, it 
may properly be said also to belong to Your Highness, whose liberal © 
munificence has not only given me leisure and peace for writing, but 
whose effective assistance, never tired of favoring me, is the means by 
which it finally reaches publication. 

Therefore may Your Highness accept it with your customary 
beneficence; and if anything is to be found in it from which lovers of 
truth can draw the fruit of greater knowledge and utility, let them ac- 
knowledge it as coming from you who are so accustomed to being of 
assistance that in your happy dominions no man feels the widespread 
distress existing in the world or suffers anything that disturbs him. 
Wishing you prosperity and continual increase in your pious and mag- 
nanimous practices, I most humbly offer you reverence. 


Your Most Serene Highness's most humble and most devoted servant and subject, 
GALILEO GALIEEI 


To THE DISCERNING READER 


Several years ago there was published in Rome a salutary edict which, in order to 
obviate the dangerous tendencies of our present age, imposed a seasonable silence 
upon the Pythagorean opinion that the earth moves. There were those who impu- 
dently asserted that this decree had its origin not in judicious inquiry, but in 
passion none too well informed. Complaints were to be heard that advisers who 
were totally unskilled at astronomical observations ought not to clip the wings of 
reflective intellects by means of rash prohibitions. 

Upon hearing such carping insolence, my zeal could not be contained. Being 
thoroughly informed about that prudent determination, I decided to appear 
openly in the theater of the world as a witness of the sober truth. I was at that 
‘time in Rome; I was not only received by the most eminent prelates of that Court, 
but had their applause; indeed, this decree was not published without some pre- 
vious notice of it having been given to me. Therefore I propose in the present 
work to show to foreign nations that as much 1s understood of this matter in 
Italy, and particularly in Rome, as transalpine diligence can ever have tmag- 
ined. Collecting all the reflections that properly concern the Copernican system, 
I shall make it known that everything was brought before the attention of the 
Roman censorship, and that there proceed from this clime not only dogmas for 
the welfare of the soul, but ingenious discoveries for the delight of the mind as 
well. i | 

To this end I have taken the Copernican side in the discourse, proceeding as 
with a pure mathematical hypothesis and striving by every artifice to represent it 
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as superior to supposing the earth motionless—not, indeed, absolutely, but as 
against the arguments of some professed Peripatetics. These men indeed deserve 
not even that name, for they do not walk about; they are content to adore the shad- 
ows, philosophizing not with due circumspection but merely from having memo- 
rized a few ill-understood principles. 

Three principal headings are treated. First, I shall try to show that all exper- 
iments practicable upon the earth are insufficient measures for proving its mobil- 
ity, since they are indifferently adaptable to an earth in motion or at rest. I hope 
in so doing to reveal many observations unknown to the ancients. Secondly, the 
celestial phenomena will be examined, strengthening the Copernican hypothesis 
until it might seem that this must triumph absolutely. Here new reflections are 
adjoined which might be used in order to simplify astronomy, though not because 
of any necessity imposed by nature. In the third place, I shall propose an inge- 
nious speculation. It happens that long ago I said that the unsolved problem of the 
ocean tides might receive some light from assuming the motion of the earth. This 
assertion of mine, passing by word of mouth, found loving fathers who adopted it 
as a child of their own ingenuity. Now, so that no stranger may ever appear who, 
arming himself with our weapons, shall charge us with want of attention to such 
an important matter, I have thought it good to reveal those probabilities which 
might render this plausible, given that the earth moves. 

I hope that from these considerations the world will come to know that if other 
nations have navigated more, we have not theorized less. It is not from failing to 
take count of what others have thought that we have yielded to asserting that the 
earth 1s motionless, and holding the contrary to be a mere mathematical caprice, 
but (if for nothing else) for those reasons that are supplied by piety, religion, the 
knowledge of Divine Omnipotence, and a consciousness of the limitations of the 
human mind. . 

I have thought it most appropriate to explain these concepts in the form of di- 
alogues, which, not being restricted to the rigorous observance of mathematical 
laws, make room also for digressions which are sometimes no less interesting than 
the principal argument. 

Many years ago I was often to be found in the marvelous city of Venice, in 
discussions with Signore Giovanni Francesco Sagredo, a man of noble extraction 
and trenchant wit. From Florence came Signore Filippo Salviati, the least of 
whose glories were the eminence of his blood and the magnificence of his fortune. 
His was a sublime intellect which fed no more hungrily upon any pleasure than 
it did upon fine meditations, I often talked with these two of such matters in the 
presence of a certain Peripatetic philosopher whose greatest obstacle in appre- 
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hending the truth seemed to be the reputation he had acquired by his interpreta- 
tions of Aristotle. 

Now, since bitter death has deprived Venice and Florence of those two great 
luminaries in the very meridian of their years, I have resolved to make their fame 
live on in these pages, so far as my poor abilities will permit, by introducing them 
as interlocutors in the present argument. (Nor shall the good Peripatetic lack a 
place; because of his excessive affection toward the Commentaries of Simpli- 
cius, I have thought fit to leave him under the name of the author he so much 
revered, without mentioning his own.) May it please those two great souls, ever 
venerable to my heart, to accept this public monument of my undying love. And 
may the memory of their eloquence assist me in delivering to posterity the 
promised reflections. 

It happened that several discussions had taken place casually at various times 
among these gentlemen, and had rather whetted than satisfied their thirst for 
learning. Hence very wisely they resolved to meet together on certain days dur- 
ing which, setting aside all other business, they might apply themselves more me- 
thodically to the contemplation of the wonders of God in the heavens and upon 
the earth. They met in the palace of the illustrious Sagredo; and, after the cus- 
tomary but brief exchange of compliments, Salviati commenced as follows. 


se lleiaialiliesSc.LANo 


INTERLOCUTORS 
SALVIATI, SAGREDO, AND SIMPLICIO 


SALVIATI. Yesterday we resolved to meet today and dis- 
cuss as clearly and in as much detail as possible the char- 
_ acter and the efficacy of those laws of nature which up to 
the present have been put forth by the partisans of the 
Aristotelian and’ Ptolemaic position on the one hand, and 
by the followers of the Copernican system on the other. 
Since Copernicus places the earth among the movable 
heavenly bodies, making it a globe like a planet, we may 
well begin our discussion by examining the Peripatetic 
steps in arguing the impossibility of that hypothesis; what 
they are, and how great is their force and effect. For this it 
is necessary to introduce into nature two substances which 
differ essentially. These are the celestial and the elemental, 
the former being invariant and eternal; the latter, tempo- 
rary and destructible. This argument Aristotle treats in his 
book De Caelo, introducing it with some discourses depen- 
dent upon certain general assumptions, and afterwards 
confirming it by experiments and specific demonstrations. 
Following the same method, I shall first propound, and 
then freely speak my opinion, submitting myself to your 
criticisms—particularly those of Simplicio, that stout 
champion and defender of Aristotelian doctrines. 


Copernicus 
deems the 
earth a 
globe simi- 
lar toa 
planet. 


Inalterable 
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and alter- 
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are necessi- 
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view, 
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cause it has 
threefold 
dimension- 
ality. 


Aristotle’s 
demonstra- 
tions to 
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are three 
dimensions 
and no 
more. 
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The first step in the Peripatetic arguments is Aristotle’s 
proof of the completeness and perfection of the world. 
For, he tells us, it is not a mere line, nor a bare surface, but 

‘a body having length, breadth, and depth. Since there are 
only these three dimensions, the world, having these, has 
them all, and, having the Whole, is perfect. To be sure, I 
much wish that Aristotle had proved to me by rigorous de- 
ductions that simple length constitutes the dimension 
which we call a line, which by the addition of breadth be- 
comes a surface; that by further adding altitude or depth to 
this there results a body, and that after these three dimen- 
sions there is no passing farther—so that by these three 
alone, completeness, or, so to speak, wholeness is con- 
cluded: Especially since he might have done so very 
plainly and speedily. 

Simp. What about the elegant demonstrations in the sec- 
ond, third, and fourth texts, after the definition of “contin- 


* uous”? Is it not there first proved that there are no more 


than three dimensions, since Three is everything, and 
everywhere? And is this not confirmed by the doctrine and 
authority of the Pythagoreans, who say that all things are 
determined by three—beginning, middle, and end— 
which is the number of the Whole? Also, why leave out an- 
other of his reasons; namely, that this number is used, as if 
by a law of nature, in sacrifices to the gods? Furthermore, 
is it not dictated by nature that we attribute the title of 
“all” to those things that are three, and not less? For two are 
called “both,” and one does not say “all” unless there are 
three. 

You have all this doctrine in the second text. After- 
wards, in the third we read, ad plentorem scientiam, that All, 
and Whole, and Perfect are formally one and the same; and 
that therefore among figures only the solid is complete. 
For it alone is determined by three, which is All; and, being 
divisible in three ways, it is divisible in every possible way. 
Of the other figures, one is divisible in one way, and the 
other in two, because they have their divisibility and their 
continuity according to the number of dimensions allotted 
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to them. Thus one figure is continuous in one way, the 
other in two; but the third, namely the solid, is so in every 
way. 

Moreover, in the fourth text, after some other doctrines, 
does he not clinch the matter with another proof? To wit: 
a transition is made only according to some defect; thus 
there is a transition in passing from the line to the surface, 
because the line is lacking in breadth. But it is impossible 
for the perfect to lack anything, being complete in every 
way; therefore there is no transition beyond the solid or 
body to any other figure. 

Do you not think that in all these places he has suffi- 
ciently proved that there is no passing beyond the three 
dimensions, length, breadth, and thickness; and that there- 
fore the body, or solid, which has them all, is perfect? 
SALV. To tell you the truth, I do not feel impelled by all 
these reasons to grant any more than this: that whatever 
has a beginning, middle, and end may and ought to be 
called perfect. I feel no compulsion to grant that the num- 
ber three is a perfect number, nor that it has a faculty of 
conferring perfection upon its possessors. I do not even 
understand, let alone believe, that with respect to legs, for 
example, the number three is more perfect than four or 
two; neither do I conceive the number four to be any im- 
perfection in the elements, nor that they would be more 
perfect if they were three. Therefore it would have been 
better for him to leave these subtleties to the rhetoricians, 
and to prove his point by rigorous demonstrations such as 
are suitable to make in the demonstrative sciences. 

Simp. It seems that you ridicule these reasons, and yet all 
of them are doctrines to the Pythagoreans, who attribute 
so much to numbers. You, who are a mathematician, and 
who believe many Pythagorean philosophical opinions, 
now seem to scorn their mysteries. 

SALV. That the Pythagoreans held the science of numbers 
in high esteem, and that Plato himself admired the human 
understanding and believed it to partake of divinity sim- 
ply because it understood the nature of numbers, I know 
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Legendary 
character of 
Pythagorean 

number 
mysteries. 


very well; nor am I far from being of the same opinion. But 
that these mysteries which caused Pythagoras and his sect 
to have such veneration for the science of numbers are the 
follies that abound in the sayings and writings of the vul- 
gar, I do not believe at all. Rather I know that, in order to 
prevent the things they admired from being exposed to the 
slander and scorn of the common people, the Pythagore- 
ans condemned as sacrilegious the publication of the most 
hidden properties of numbers or of the incommensurable 
and irrational quantities which they investigated. They 
taught that anyone who had revealed them was tormented 
in the other world. Therefore I believe that some one of 
them, just to satisfy the common sort and free himself 
from their inquisitiveness, gave it out that the mysteries of 
numbers were those trifles which later spread among the 
vulgar. Such astuteness and prudence remind one of the 
wise young man who, in order to stop the importunity of 
his mother or his inquisitive wife—I forget which—who 
pressed him to impart the secrets of the Senate, made up 
some story which afterwards caused her and many other 
women to be the laughing-stock of that same Senate. 
Simp. I do not want to join the number of those who are 
too curious about the Pythagorean mysteries. But as to the 
point in hand, I reply that the reasons produced by Aris- 
totle to prove that there are not and cannot be more than 
three dimensions seem to me conclusive; and I believe that 
if a more cogent demonstration had existed, Aristotle 
would not have omitted it. 
SAGR. You might at least add, “if he had known it or if it 
had occurred to him.” Salviati, you would be doing me a 
great favor by giving me some effective arguments, if there 
are any clear enough to be comprehended by me. _ 
SALV. Not only by you, but by Simplicio too; and not 
merely comprehended, but already known—though per- 
haps without your realizing it. And to make them easier to 
understand, let us take this paper and pen which I see al- 
ready prepared for such occasions, and draw a few figures. 
First we shall mark these two points, A and B, and draw 
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c from one to the other the curved 
A s lines ACB and ADB, and the straight 
line AB. I ask which of them is to: 


D ; 
Fie f your mind the one that determines 
' the distance between the ends A and 
B, and why? 


SAGR. I should say the straight line, and not the curves, 
because the straight one is shorter and because it is unique, 
distinct, and determinate; the infinite others are indefinite, 
unequal, and longer. It seems to me that the choice ought 
to depend upon that which is unique and definite. 

SALV. We have the straight line, then, as determining the 
distance between the two points. We now add another 
straight line parallel to AB—let it be 

CD—so that between them there a 8 
lies a surface of which I want you to 

show the breadth. Therefore starting 

from point A, tell me how and which 

way you will go, stopping onthe line fee 5 : 
CD, so as to show me the breadth in- 

cluded between those lines. Would you determine it ac- 
cording to ie measure of the curve AE, or the straight 
line AF or. 

SIMP. anne to the straight sine AF and not according 
to the curve, such being already excluded for such a use. 
SAGR. But I should take neither of them, seeing that the 
straight line AF runs obliquely. I should draw a line per- 
pendicular to CD, for this ‘would seem to me to be the 
shortest, as well as being unique among the infinite num- 
ber of longer and unequal ones which may be drawn from 
the point A to every other point of the opposite line CD. 
SALV. Your choice and the reason you adduce for it seem 
to me most excellent. So now we have it that the first di- 
mension is determined by a straight line; the second 
(namely, breadth) by another straight line, and not only 
straight, but at right angles to that which determines the 
length. Thus we have defined the two dimensions of a sur- 
face; that is, length and breadth. 


Geometri- 
cal demon- 
stration of 
threefold 
dimension- 
ality. 
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But suppose you had to determine a height—for exam- 
ple, how high this platform is from the pavement down 
below there. Seeing that from any point in the platform we 
may draw infinite lines, curved or straight, and all of dif- 
ferent lengths, to the infinite points of the pavement 
below, which of all these lines would you make use of? 
SAGR. I would fasten a string to the platform and, by 
hanging a plummet from it, would let it freely stretch till it 
reached very near to the pavement, the length of such a 
string being the straightest and shortest of all the lines that 
could possibly be drawn from the same point to the pave- 
ment, I should say that it was the true height in this case. 
SALv. Very good. And if, from the point on the pavement 
indicated by this hanging string (taking the pavement to be 
level and not inclined), you should produce two other 
straight lines, one for the length and the other for the 
breadth of the surface of the pavement, what angles would 
they make with the thread? 

SAGR. They would surely meet at right angles, since the 
string falls perpendicularly and the pavement is quite flat 
and level. 

SALV. Therefore if you assign any point for the point of 
origin of your measurements, and from that produce a 
straight line as the determinant of the first measurement 
(that is, of the length) it will necessarily follow that the one 
which is to define the breadth leaves the first at a right 
angle. That which is to denote the 
altitude, which is the third dimen- 
sion, going out from the same point, 

also forms right angles and not 
oblique angles with the other two. 
And thus by three perpendiculars A ; 8 
you will have determined the three ineaé 
dimensions AB length, AC breadth, 

and AD height, by three unique, definite, and shortest 
lines. And since clearly no more lines can meet in the said 
point to make right angles with them, and the dimensions 
must be determined by the only straight lines which make 
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right angles with each other, then the dimensions are no 
more than three; and whatever has the three has all of 
them, and that which has all of them is divisible in every 
way, and that which is so, is perfect, etc. 
Simp. Who says that I cannot draw other lines? Why may 
I not bring another line from beneath to the point A, which 
will be perpendicular to the rest? 
SALV. Surely you cannot make more than three straight 
lines meet in the same point and form right angles with 
each other! 
SAGR. Yes, because it seems to me that what Simplicio 
means would be the same DA prolonged downward. In that 
way there might also be drawn two others; but they would 
be the same as the first three, differing only in that whereas 
now they merely touch, they would then intersect. But this 
would not produce any new dimensions. 
Simp. I shall not say that this argument of yours cannot be 
conclusive. But J still say, with Aristotle, that in. physical 
(waturali) matters one need not always require a mathe- 
matical demonstration. 
SAGR. Granted, where none is to be had; but when there 
is one at hand, why do you not wish to use it? But it would 
be good to spend no more words on this point, for I think 
that Salviati will have conceded both to Aristotle and to 
you, without further demonstration, that the world is a 
body, and perfect; yea, most perfect, being the chief work 
of God. 
SALV. Exactly so. Therefore leaving the general contem- 
plation of the whole, let us get to the consideration of the 
parts. Aristotle in his first division separates the whole into 
two differing and, in a way, contrary parts; namely, the ce- 
lestial and the elemental, the former being ingenerable, in- 
corruptible, inalterable, impenetrable, etc.; the latter being 
exposed to continual alteration, mutation, etc. He takes 
this difference from the diversity of local motions as his 
original principle. With this step he proceeds. 

Leaving, so to speak, the sensible world and retiring 
into the ideal world, he begins architectonically to con- 
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Local mo- 
tions of 
three 
kinds— 
straight, 
circular, 
and mixed. 


Straight and 
circular 
motions 

simple, 
being along 
simple lines. 


sider that, nature being the principle of motion, it is ap- 
propriate that natural bodies should be endowed with local 
motion. He then declares local motions to be of three 
kinds; namely, circular, straight, and mixed straight-and- 
circular. The first two he calls simple, because of all lines 
only the circular and the straight are simple. Hereupon, 
restricting himself somewhat, he newly defines among the 
simple motions one, the circular, to be that which is made 
around the center; and the other, the straight, to be upward 
and downward—upward, that which goes from the center; 
and downward, whatever goes toward the center. And from 
this he infers it to be necessary and proper that all simple 
motions are confined to these three kinds; namely, toward 
the center, away from the center, and around the center. 
This answers, he says, with a certain beautiful harmony to 
what has been said previously about the body; it is perfect 
in three things, and its motion is likewise. ; 

‘These motions being established, he goes on to say that 
some natural bodies being simple, and others composites 
of those (and he calls those bodies simple which have a 
natural principle of motion, such as fire and earth), it is 
proper that simple motions should be those of simple bod- 
ies, and that mixed motions should belong to compound 
bodies; in such a way, moreover, that compounds take the 
motion of that part which predominates in their composi- 
tion. 

SAGR. Wait awhile, Salviati, for in this argument I find so 
many doubts assailing me on all sides that I shall either 
have to tell them to you if I want to pay attention to what 
you are going to say, or withhold my attention in orden to 
remember my doubts. 

SALV. I shall willingly pause, for I run the same risk too, 

and am on the verge of getting shipwrecked. At present I 
sail between rocks and boisterous waves that are making 
me lose my bearings, as they say. Therefore, before J mul- 
tiply your difficulties, propound them. 

SAGR. With Aristotle, you began by removing me some- 
what from the sensible world, to show me the architecture 
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with which it must have been built. I thought it proper that 
you began by telling me that a natural body is naturally 
movable, since nature, as defined elsewhere, is the princi- 
ple of motion. Here I felt some doubt, why does Aristotle 
not say that among natural bodies some are naturally mov- 
able and others immovable, inasmuch as nature is said in 
his definition to be the principle of motion and of rest? For The defini- 
if all natural bodies have the principle of mobility, either it ton of na- 


: : Ait ture either 
was not necessary to include rest in the definition of na- defective or 
ture, or to introduce such a definition in this place. inoppor- 

Next, as to the explanation of what Aristotle means by ™Y 
brought up 


simple motions, and how he determines them from prop- \ by Aristotle. 

erties of space, calling those simple which are made along 

simple lines, these being the straight and the circular only, 

I accept this willingly; nor do J care to quibble about the 

case of the cylindrical helix, of which all parts are similar The cylin- 

and which therefore seems to belong among the simple a a 

lines. But I resent rather strongly finding myself restricted uttea,, 

to calling the latter “motion about the center” (while it . simple line. 

seems that he wants to repeat the same definition in other 

words) and the former sursum and deorsum—that is, “up- 

ward” and “downward.” For such terms are applicable only 

to the actual world, and imply it to be not only con- 

structed, but already inhabited by us. Now if straight mo- 

tion is simple with the simplicity of the straight line, and if 

simple motion is natural, then it remains so when made in 

any direction whatever; to wit, upward, downward, back- 

ward, forward, to the right, to the left; and if any other way 

can be imagined, provided only that it is straight, it will be 

suitable for any simple natural body. Or, if not, then Aris- 

totle’s supposition is defective. Aristotle 
Moreover, it appears that Aristotle implies that only a 

one circular motion exists in the world, and consequently  chitecture 

only one center to which the motions of upward and ‘the con- 

downward exclusively refer. All of which seems to indicate — cal 

that he was pulling cards out of his sleeve, and trying to ac- "verse, not 

commodate the architecture to the building instead of ‘¢¢o"™ 


; neat ’ struction to 
modeling the building after the precepts of architecture. the rules. 
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For if I should say that in the real universe there are thou- 


sands of circular motions, and consequently thousands of 


centers, there would also be thousands of motions upward 
and downward. Again, he supposes (as was said) simple 
motions and mixed motions, calling the circular and the 
straight “simple” and motions composed of both “mixed.” 
Now among natural bodies he calls some simple (namely, 
those that have a natural principle of simple motion) and 
others compound; and the simple motions he attributes to 
simple bodies, and the mixed to the compound. But by 
“mixed motion” he no longer means that motion in which 


_ straight and circular are mixed, and which may exist in the 


world. The mixed motion he introduces is as impossible as 
it is impossible to mix, opposite motions in the same 
straight line, so as to produce a motion partly upward and 
partly downward. In order to moderate such an absurdity 
and impossibility, he is reduced to saying that such com- 
pound bodies move according to the predominant simple 
part. This eventually forces people to say that even motion 
made along the same straight line is sometimes simple, and 
sometimes mixed. Thus the simplicity of the motion no 
longer corresponds to the simplicity of the line alone. 
SimpP. Isn’t there enough difference between them for you 
when the simple and absolute movement is more swift 
than that which comes from predominance? Think how 
much faster a chunk of pure earth drops than does a stick 
of wood! 

SAGR. All well and good, Simplicio; but if the simplicity 
is changed by this, then in addition to requiring a great 
many mixed motions, you would not be able to show me 
how to distinguish the simple ones. Furthermore, if a 
greater or lesser velocity can alter the simplicity of mo- 
tion, no simple body would ever move with a simple mo- 
tion, since in all natural straight motions the velocity is 
ever increasing and consequently always changing in sim- 
plicity—which, as simplicity, ought properly to be im- 
mutable. But what is more important, you burden Aristotle 
with a new flaw, since in the definition of mixed motions 
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he made no mention of slowness and speed, whereas you 
now include this as a necessary and essential point. More- 
over, you are no better off for having such a rule, for 
among compound bodies there will be some (and not a few 
of them) which will move more swiftly than the simple, 
while others move more slowly; as, for example, lead and 
wood in comparison with earth. Among such motions, 
which do you call simple and which mixed? 
Simp. I should call that motion “simple” which is made by 
a simple body, and that “mixed” which is made by a com- 
pound body. 
SAGR. Very good indeed. But what are you saying now, 
Simplicio? A little while ago you would have it that simple 
and mixed motions would reveal to me which bodies were 
compound and which were simple. Now you want to use 
simple and compound bodies to find out which motion is 
simple, and which is mixed—an excellent rule for never 
understanding either motions or bodies. Besides which, 
you have just declared that greater velocity is not even suf- 
ficient, and have sought a third condition to define simple 
motion, while Aristotle contents himself with but one— 
namely, the simplicity of space. Now, according to you, 
simple motion will be that which is made along a simple 
line with a certain determinate velocity by a simple mov- 
able body. 
Well, have it your own way, and let us return to Aris- 
totle, who defines mixed motion to be that which is com- 
. posed of straight plus circular—though he failed to show 
me any body whatever which moves naturally with any 
such motion. 
SALV. I return then to Aristotle. Having very well and me- 
thodically begun his discourse, at this point—being more 
intent upon arriving at a goal previously established in his 
mind than upon going wherever his steps directly lead 
him—he cuts right across the path of his discourse and as- 
sumes it as a known and manifest thing that the motions 
directly upward and downward correspond to fire and 
earth. Therefore it is necessary that beyond these bodies, 
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Why, to 
Aristotle, a 
circular line 
is perfect 
and a 
straight line 
imperfect. 


which are close to us, there must be some other body in na- 
ture to which circular motion must be suitable. This must, 
in turn, be as much more excellent as circular motion is 
more perfect than straight. Just how much more perfect — 
the former is than the latter, he determines from the per- 
fection of the circular line over the straight line. He calls 
the former perfect and the latter imperfect; imperfect, be- 
cause if it is infinite, it lacks an end and termination, while 
if finite, there is something outside of it in which it might 
be prolonged. This is the cornerstone, basis, and founda- 
tion of the entire structure of the Aristotelian universe, 
upon which are superimposed all other celestial proper- 
ties—freedom from gravity and levity, ingenerability, in- 
corruptibility, exemption from all mutations except local 
ones, etc. All these properties he attributes to a simple 
body with circular motion. The contrary quahities of grav- 
ity or levity, corruptibility, etc., he assigns to bodies natu- 
rally movable in a straight line. 

Now whenever defects are seen in the foundations, it is 
reasonable to doubt everything else that is built upon 
them. I do not deny that what Aristotle has introduced up 
to this point, with a general discourse upon universal first 
principles, is reinforced with specific reasons and experi- 
ments later on in his argument, all of which must be sepa- . 
rately considered and weighed. But what has already been 
said does present many and grave difficulties, whereas 
basic principles and fundamentals must be secure, firm, 
and well established, so that one may build confidently 
upon them. Hence before we multiply doubts, it would not 
be amiss to see whether (as I believe) we may, by taking an- 
other path, discover a more direct and certain road, and es- 
tablish our basic principles with sounder architectural 
precepts. Therefore, suspending for the moment the Aris- 
totelian course, which we shall resume again at the proper 


- time and examine in detail, I say that in his conclusions up 


to this point I agree with him, and I admit that the world is 
a body endowed with all the dimensions, and therefore 
most perfect. And I add that as such it is of necessity most 
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orderly, having its parts disposed in the highest and most 
perfect order among themselves. Which assumption I do 
not believe to be denied either by you or by anyone else. 
SIMP. Who do you think would deny it? The first point is 
Aristotle’s own, and its very name appears to be derived 
from no other thing than the order which the world per- 
fectly contains. 

SALV. This principle being established then, it may be im- 
mediately concluded that if all integral bodies in the world 
are by nature movable, it is impossible that their motions 
should be straight, or anything else but circular; and the 
reason is very plain and obvious. For whatever moves 
straight changes place and, continuing to move, goes ever 
farther from its starting point and from every place 
through which it successively passes. If that were the mo- 
tion which naturally suited it, then at the beginning it was 
not in its proper place. So then the parts of the world were 
not disposed in perfect order. But we are assuming them to 
be perfectly in order; and in that case, it is impossible that 
it should be their nature to change place, and consequently 
to move in a straight line. 

Besides, straight motion being by nature ~_— (be- 
cause a straight line is infinite and indeterminate), it is im- 
possible that anything should have by nature the principle 
of moving in a straight line; or, in other words, toward a 
place where it is impossible to arrive, there being no finite 
end. For nature, as Aristotle well says himself, never un- 
dertakes to do that which cannot be done, nor endeavors to 
move whither it is impossible to arrive. 

But someone might say nevertheless that although a 
straight line (and consequently the motion along it) can be 
extended im infinitum (that is to say, is unending), still na- 
ture has, so to speak, arbitrarily assigned to it some termi- 
nus, and has given her natural bodies natural instincts to 
move toward that. And I shall reply that this might perhaps 
be fabled to have occurred in primordial chaos, where 
vague substances wandered confusedly in disorder, to reg- 
ulate which nature would very properly have used straight 
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motions. By means of these, just as well-arranged bodies 
would become disordered in moving, so those which were 
previously badly disposed might be arranged in order. But 
after their optimum distribution and arrangement it is im- 
possible that there should remain in them natural inclina- 
tions to move any more in straight motions, from which 
nothing would now follow but their removal from their 
proper and natural places; which is to say, their disordering. 

We may therefore say that straight motion serves to 
transport materials for the construction of a work; but this, 
once constructed, is to rest immovable—or, if movable, is 
to move only circularly. Unless we wish to say with Plato 
that these world bodies, after their creation and the estab- 
lishment of the whole, were for a certain time set in straight 
motion by their Maker. Then later, reaching certain defi- 
nite places, they were set in rotation one by one, passing 
from straight to circular motion, and have ever since been 
preserved and maintained in this. A sublime concept, and 
worthy indeed of Plato, which I remember having heard 
discussed by our friend, the Lincean Academician. If I re- 
member correctly, his remarks were as follows: 

Every body constituted in. a state of rest but naturally 
capable of motion will move when set at liberty only if it 
has a natural tendency toward some particular place; for if 
it were indifferent to all places it would remain at rest, 
having no more cause to move one way than another. Hav- 
ing such a tendency, it naturally follows that in its motion 
it will be continually accelerating. Beginning with the 
slowest motion, it will never acquire any degree of speed 
(velocita) without first having passed through all the grada- 
tions of lesser speed—or should I say of greater slowness? 
For, leaving a state of rest, which is the infinite degree of 
slowness, there is no way whatever for it to enter into a def- 
inite degree of speed before having entered into a lesser, 
and another still less before that. It seems much more rea- 
sonable for it to pass first through those degrees nearest to 
that from which it set out, and from this to those farther on. 
But the degree from which the movable body began to 
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move was that of most extreme slowness; that is to say, 
from rest. Now this acceleration of motion occurs only 
when the body in motion keeps going, and is attained only 
by its approaching its goal. So wherever its natural inclina- 
tion draws it, it is conducted there by the shortest line; 
namely, the straight. We may therefore reasonably say that 
nature, in conferring a definite speed upon a body consti- 
tuted at first in rest, gives it a straight motion through a 
certain time and space. 

This assumed, let us suppose God to have created the 
planet Jupiter, for example, upon which He had deter- 
mined to confer such-and-such a velocity, to be kept per- 
petually uniform forever after. We may say with Plato that 
at the beginning He gave it a straight and accelerated mo- 
tion; and later, when it had arrived at that degree of veloc- 
ity, converted its straight motion into circular motion 
whose-speed thereafter was naturally uniform. 
SAGR. IJ take great delight in hearing this discourse, and 
believe it will be greater after you have removed one diffi- 
culty for me. I do not see how it necessarily follows that 
since a moving body, departing from rest and entering into 
the motion for which it has a natural inclination, passes 
through all the antecedent gradations of slowness that 
exist between a state of rest and any assigned degree of ve- 
locity, these gradations being infinite, then nature was not 
able to confer circular motion upon the newly created 
body of Jupiter with such-and-such a velocity. 
SALV. I did not say, nor dare I, that it was impossible for 
nature or for God to confer immediately that velocity 
which you speak of. I do indeed say that de facto nature 
does not do so—that the doing of this would be something 
outside the course of nature, and therefore miraculous. 
{Let any massive body move with any given velocity and 
encounter any body at rest, even the weakest and least re- 
sisting. The former body, meeting the latter, can never 
confer upon it immediately its own velocity. An obvious 
sign of this is hearing the sound of the percussion, which 
would not be heard—or better, would not exist—if the 
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body at rest were to receive an equal velocity with that of 
the moving body upon the arrival of the latter.| 

SAGR. Then you believe that a stone, leaving its state of 
rest and entering into its natural motion toward the center 
of the earth, passes through every degree of slowness less 
than any degree of speed? 

SALV. I believe it; indeed I am confident of it; confident in 
the certainty that I can make you also equally convinced 
of it. 

SAGR. If in all this day’s discourse I should gain no more 
than that knowledge, I should regard the time as well 
spent. 

S ALY. I seem to gather from your remarks that a great part 
of your difficulty consists in accepting this very rapid pas- 
sage of the movable body through the infinite gradations of 
slowness antecedent to the velocity acquired during the 
given time. Therefore, before we go any further, I shall try 
to remove that difficulty. This ought to be an easy task 
when J tell you that the movable body does pass through 
the said gradations, but without pausing in any of them. So 
that even if the passage requires but a single instant of 
time, still, since every small time contains infinite instants, 
we shall not lack a sufficiency of them to assign to each its 
own part of the infinite degrees of slowness, though the 
time be as short as you please. 

SAGR. So far I follow you; nevertheless it seems remark- 
able to me that a cannon ball (for such I imagine the falling 
body to be) which is seen to fall so speedily that in less than 
ten pulse beats it will pass two hundred yards of altitude, 
should be found at so small a degree of velocity during its 
motion that, continuing to move at such a rate without fur- 
ther acceleration, it would not have passed the same dis- 
tance in a whole day. 

SALV. Say rather, not in a whole year, nor in ten, no, nor in 
a thousand. Of this I shall try to persuade you, and with 
your permission I shall ask you some very simple ques- 
tions. Accordingly, tell me if you have any trouble granting 
that the ball, in descending, is always gaining greater im- 
petus and velocity. 
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SAGR. I am quite confident of that. 

SALV. And if I should say that the impetus acquired at any 

point in its motion is enough to carry it back to the height 

from which it started, would you concede that to me? 

SAGR. I should concede it without objection, provided 

that its entire impetus could be applied without impedi- The heavy 
ment to the single operation of restoring it (or an equiva- falling body 
lent ball) to the very same height. Thus, if the earth were a 
tunneled through the center, and the ball were let fall a impetus to 
hundred or a thousand yards toward the center, I verily be- au . 
lieve that it would pass beyond the center and ascend as _ equal 
much as it had descended. This is shown plainly in the ex- height. 
periment of a plummet hanging from a cord, which, re- 

moved from the perpendicular (its state of rest) and then 

set free, falls toward the perpendicular and goes the same 

distance beyond it—or only so much less as the cord, the 
resistance of the air, and other accidents impede it. The 

same thing is shown by water which, descending through a 

siphon, climbs back up as much as it went down. 

SALV. You argue very well. And I know that you will make 

no question of granting that the acquisition of impetus is 
measured by the departure of the movable body from the 

point of origin and its approach toward the center to which 

its motion tends. So will you not put an end to your diffi- 

culty by conceding that two equal movable bodies, de- 
scending by different lines and without any impediment, 

will have acquired equal impetus whenever their ap- 

proaches to the center are equal? 

SAGR. I do not quite understand the question. 

SALV. I shall express it better by drawing a little sketch. 

Thus I take the line AB as parallel to the horizon, and at 

the point B I erect the perpendicular BC, and then I add 

this slanted line CA. Now the line CA is meant to be an in- 

clined plane, exquisitely polished and hard, upon which 
descends a perfectly round ball of some very hard sub- 

stance. Suppose another ball, quite similar, to fall freely 

along the perpendicular CB. I ask you to concede that 

the impetus of that which descends by the plane CA, upon 

arriving at the point A, would be equal to the impetus 
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£ acquired by the other at point B 
after falling along the perpendicu- 
lar CB. 

SAGR. I surely believe it would. In 
Fic. 4 fact, they have both advanced 
¢ equally toward the center; and by 
what I have already granted, the impetus of each should be 
equally sufficient to carry it back to the same height. 
SALV. Now tell me what you believe the same ball would 
do if placed upon the horizontal plane AB? 
SAGR. It would lie still, the said plane having no inclina- 
tion. 
SALV: But on the inclined plane CA it would descend, 
though with a slower motion than by the perpendicular CB? 
SAGR. I was about to answer confidently in the affirmative, 
it seeming to me necessary that the motion by the perpen- 
dicular CB should be faster than by the inclined plane CA. 
Yet if that is so, how can the ball on the incline, arriving at 
the point A, have as much impetus (that is, the same degree 
of velocity) as the ball dropped along the perpendicular 
will have at the point B? These two propositions seem con- 
tradictory. 
SALV. Then it would seem to you still more false if I 
should say categorically that the speeds of the bodies 
falling by the perpendicular and by the incline are equal. 
Yet this proposition is quite true, just as it is also true that _ 
the body moves more swiftly along the Hanpanelicnes than 
along the incline. 
SAGR. To my ears these sound like contradictory propo- 
sitions. How about you, Simplicio? 
SIMP. Likewise to me. 
SALV. I think you are joking, pretending not to understand 
what you know just as well as I do. Tell me, Simplicio, 
when you think of one body as being faster than another, 
what concept do you form in your mind? 
Simp. I imagine one to pass over a greater space than the 
other in the same time, or to travel an equal space in less 
time. 
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SALV. Very good. Now as to bodies of equal speed, what is 
your idea of them? 

SIMP. I conceive them to pass equal spaces in equal times. 
SALV. And nothing more than that? _ 

Simp. This seems to me to be the proper definition of 
equal motions. 

SAGR. Let us add another, however, and call the velocities 
equal when the spaces passed over are in the same propor- 
tion as the times in which they are passed. That will be a 
more general definition. 

SALV. So it 1s, because it includes equal spaces passed in 
equal times, and also those which are unequal but are 
passed in times proportionate to them. Now refer again to 
the same figure, and applying the concept that you have 
formed of faster motion, tell me why you think the veloc- 
ity of the body falling along CB should be greater than the 
velocity of that descending by CA. 

SIMP. It seems so to me because in the time it takes one 
body to pass all CB, the other body will pass a part less 
than CB in CA. 

SALV. Exactly so; and thus it is proved that the body 
along the perpendicular moves more swiftly than that 
along the incline. Now consider whether in this same 
figure one may verify the other concept, and find how 
the bodies have equal velocities along both the lines CA 
and CB. 

Simp. I see no such thing. On the contrary, this seems to 
me to contradict what was just said. 

SALV. And what do you say, Sagredo? I do not want to 
teach you what you already know and have just now de- 
fined for me. 

SAGR. The definition that I gave you was that movable 
bodies may be called equally fast when the spaces passed 
over have the same ratio to each other as the times of 
travel. Hence for the definition to apply in the present 
case, it would be required that the time of descent along 
CA to that along CB should have the same proportion as 
that of the lines CA and CB. But I do not understand how 
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that can be, when the motion along CB is swifter than that 
along CA. 

SALV. And yet there is no escaping it. Tell me, are not 
these motions continually accelerated? 

SAGR. They are, but more so along the perpendicular 
than along the incline. 

SALV. Well, is this acceleration along the perpendicular 
such, in comparison with that along the incline, that if we 
take two equal parts anywhere in these two lines, the mo- 
tion in the section of the perpendicular will always be 
faster than in the section of the incline? 

SAGR. No indeed. I could choose a place on the incline 
in which the velocity would be far greater than in an 
equal space taken along..the perpendicular. Such would 
be the case if the space on the perpendicular should be 
taken close to the point C, and that on the incline far 
from it. 

SALV. You see, then, that the proposition “Motion along 
the perpendicular is faster than that along the incline” is 
true not universally, but only for motions which begin 
from the initial point; that is, the point of rest. Without this 
restriction, the proposition would be so defective that its 
very contrary might be true; namely, that motion is faster 
along the incline than along the perpendicular. For it is 
certain that we can choose a space in the incline passed 
over by the movable body in less time than an equal space 
was passed in the perpendicular. Now, since the motion 
along the incline is in some places faster and in some 
slower than motion along the perpendicular, it follows that 
along some parts of the incline the time consumed by the 
moving body will bear a greater proportion to the time 
consumed by a body moving along some parts of the per- 
pendicular than the space passed by the one bears to the 
space passed by the other. In other places, the ratio of the 
times will be less than those of the spaces. For example, 
consider two bodies departing from rest—that is, from the 
point C—one by the perpendicular CB and the other by 
the incline CA. 
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In the time that the body moving along the perpendic- 
ular will have passed all CB, the other will have passed CT, 
which is less. Therefore the ratio of the times along CT 
and CB, which times are equal, will be greater than that of 
the line CT to CB, since a given thing stands in greater 
proportion to a lesser than to a greater. On the other hand, 
if somewhere along CA (ex- 
tended as much as may be re- ¢ 
quired) a distance is taken which 
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: : Fic. 5 
smaller ratio to the time along the 
perpendicular than one distance 
will to the other. Now since we can conceive distances and 
velocities along the incline and along the perpendicular 
such that the proportion between the distances will be now 
greater and now less than the proportion of the times, we 
may very reasonably admit that there are also spaces along 
which the times of the motions bear the same proportion 
as the distances. 
SAGR. I am already freed from my main doubt, and per- 
ceive that something which appeared to me a contradic- 
tion is not only possible but necessary. But I still do not see 
that one of these possible or necessary cases is what we 
need at present to make it true that the time of descent by 
CA and the time of fall by CB shall have the same ratio as 
the lines CA and CB, so that we may say without contra- 
diction that the velocity along the incline CA and that 
along the perpendicular CB are equal. 
SALV. Be content for now that I have removed your in- 
credulity. As for the exact knowledge, wait until some 
other time, when you shall see what our Academic friend 
has demonstrated concerning local motions. There you 
shall find it proved that in the time that the one body falls 
all the distance CB, the other descends along CA only to 
the point T, upon which falls the perpendicular drawn 
from the point B. To find where the body falling’ along the 
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perpendicular would be when the other arrives at the point 
A, draw from A the line perpendicular to CA, producing 
both it and CB to their intersection, which will be the 
point sought. From this you see how it is true that the mo- 
tion along CB is swifter than that along the incline CA, 
taking C for the beginning of the motions compared. For 
the line CB is longer than CT, and the line CB produced to 
its intersection with the perpendicular to CA drawn from 
A is greater than CA; therefore the motion along it is 
swifter than that along CA. But when we compare the mo- . 
tion along CA not with the entire motion made in the 
same time along the perpendicular as extended, but only 
with that made in a part of the time and along the portion 
CB alone, then it is not absurd that the body moving along 
CA, continuing to descend beyond T, may arrive at A in 
such a time that the ratio of the lines CA and CB will be 
the ratio of the times. 

_ Now let us return to our original purpose, which was to 
show that a heavy body departing from rest passes, in de- 
scent, through all the gradations of slowness antecedent to 
whatever degree of velocity it acquires. 

Referring once more to the same figure, let us remem- 
ber that we agreed that bodies descending along the per- 
pendicular CB and the incline CA were found to have 
acquired equal degrees of velocity at the points B and A. 

Now, proceeding from there, I be- 

£ lieve you will have no difficulty in 

granting that upon another plane 
less steep than AC—for example, 
AD—the motion of the descending 
Fic. 6 body would be still slower than 

along the plane AC. Hence one can- 

not doubt the possibility of planes so little elevated above 
the horizontal AB that the ball may take any amount of 
time to reach the point A. If it moved along the plane BA, 
an infinite time would not suffice, and the motion is re- 
tarded according as the slope is diminished. You must 
therefore admit that a point may be taken above the point 
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B and so near to it that if we were to draw a plane from it 
to the point A, the ball would not pass over it even in a 
whole year. 

Next you must know that the impetus (that is, the de- 
gree of velocity) the ball is found to have acquired when it 
arrives at the point A is such that if the ball continued to 
move uniformly with this same speed, without accelerat- 
ing or being retarded, it would travel twice the length of 
the inclined plane in a time equal to that of its descent 
along the incline. For example, if the ball has passed over 
_ the plane DA in an hour, and continues to move uniformly 
with the speed it is found to have upon its arrival at the 
point A, it will pass in the next hour a distance double the 
length DA. And, as we have said, equal degrees of velocity 
are always acquired at the points B and A by bodies de- 
parting from any point taken in the perpendicular CB and 
descending, the one by the inclined plane and the other by 
the perpendicular. Now the body falling along the perpen- 
dicular may leave from a point so near to B that the degree 
of velocity acquired at B would not be enough (if kept al- 
ways constant) to conduct the body through a distance 
double the length of the inclined plane in a year, nor in 
ten, nor in a hundred. 

We may therefore suppose it to be true that in the or- 
dinary course of nature a body with all external and acci- 
dental impediments removed travels along an inclined 
plane with greater and greater slowness according as the 
inclination is less, until finally the slowness comes to be 
infinite when the inclination ends by coincidence with the 
horizontal plane. We may likewise suppose that the de- 
gree of velocity acquired at a given point of the inclined 
plane is equal to the velocity of the body falling along the 
perpendicular to its point of intersection with a parallel 
to the horizon through the given point of the inclined 
plane. And if these two propositions be true, it follows 
necessarily that a falling body starting from rest passes 
through all the infinite gradations of slowness; and that 
consequently in order to acquire a determinate degree of 
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velocity it must first move in a straight line, descending 


_ by a short or long distance according as the velocity to be 


acquired is to be lesser or greater, and according as the 
plane upon which it descends is slightly or greatly in- 
clined. Hence a plane may be given so small an inclina- 
tion that to acquire in it the assigned degree of velocity, a 
body must first move a very great distance and take a very 
long time. In the horizontal plane no velocity whatever 
would ever be naturally acquired, since the body in this 
position will never move. But motion in a horizontal line 
which is tilted neither up nor down is circular motion 
about the center; therefore circular motion is never ac- 
quired naturally without straight motion to precede it; 
but, being once acquired, it will continue perpetually 
with uniform velocity. 

This same truth I could explain to you, and even 
demonstrate for you, by means of other arguments, but I 
do not want to interrupt our principal discourse with so 
great a digression. Rather, I shall return to it upon some 
other occasion—especially. since we have explored this 
point not to use it as a necessary demonstration, but to il- 
lustrate a Platonic concept. And here I wish to add one 
particular observation of our Academic friend which is 
quite remarkable. Let us suppose that among the decrees 
of the divine Architect was the thought of creating in the 
universe those globes which we behold continually revolv- 
ing, and of establishing a center of their rotations in which 
the sun was located immovably. Next, suppose all the said 
globes to have been created in the same place, and there 
assigned tendencies of motion, descending toward the 
center until they had acquired those degrees of velocity 
which originally seemed good to the Divine mind. These 
velocities being acquired, we lastly suppose that the globes 
were set in rotation, each retaining in its orbit (cerchio) its 
predetermined velocity. Now, at what altitude and dis- 
tance from the sun would have been the place where the 
said globes were first created, and could they all have been 
created in the same place? 
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To make this investigation, we must take from the most 
skillful astronomers the sizes of the orbits in which the 
planets revolve, and likewise the times of their revolutions. 
From these data we deduce how much faster Jupiter (for 
example) moves than Saturn; and it being found (as in fact 
it is) that Jupiter does move more swiftly, it is necessary 
that Jupiter, departing from the same height, descended 
more than Saturn—as we know is actually the case, its 
orbit being inferior to that of Saturn. And going still fur- 
_. ther one may determine, from the proportions of the two 
velocities of Jupiter and Saturn and from the distance be- 
tween their orbits, and from the natural ratio of accelera- 
tion of natural motion, at what altitude and distance from 
the center of their revolutions must have been the place 
from which they originally departed. This place deter- 
mined and agreed upon, it is asked whether Mars, de- 


orbit and velocity of motion with what is found by calcu- 
lation; and the same is done for the earth, Venus, and Mer- 
cury, the size of whose orbits and the velocities of whose 
motions agree so closely with those given by the computa- 
tions that the matter is truly wonderful. 

SAGR. I have heard this idea with extreme delight, and if 
I did not believe that making these calculations accurately 
would be a long and painful task, and perhaps one too dif- 
ficult for me to understand, I should ask to see them. 
SALV. The procedure is indeed long and difficult, and be- 
sides I am not sure I could reconstruct it offhand. There- 
fore we shall keep it for another time. 

Simp. Please put it down to my lack of practice in the 
mathematical sciences if I say freely that your arguments, 
based upon “greater ratios” and “lesser proportions” and 
other terms which I do not sufficiently well understand, 
have not removed my doubt—or rather my incredulity— 
that a heavy ball of lead, weighing some 100 pounds, leav- 
ing its state of rest and being let fall from on high, must 
pass through every gradation of slowness, when one may 
see it to have moved more than 100 yards in four pulse 
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beats. The latter fact makes me entirely incredulous that 
there is any moment at which it is to be found in such a 
state of slowness that, continuing therein, it would not 
move over the half of an inch in a thousand years. Now if 
this is indeed so, I should like to be convinced of it. 
SAGR. Salviati, being profoundly learned, often assumes 
that these technical expressions which are very well 
known and familiar to him are equally so to others, and 
hence at times he forgets that, in speaking with us, some- 
one is needed to assist our incapacity with less abstruse ar- 
guments. Therefore I, not being in so lofty a position, will 
try (with Salviati’s permission) to relieve Simplicio of his 
incredulity, at least in part, by using tangible evidence. 
Now confining ourselvesto the matter of the cannon ball, 
please tell me, Simplicio: Do you not grant that passage 
from one state to another is more naturally and readily 
made to a closer than to a more remote one? 

SMP. I understand that, and I admit it. No doubt a heated 
iron, for instance, upon cooling down, passes from the 
tenth degree of heat to the ninth rather than going from 
the tenth to the sixth. 

SAGR. Very good. Then tell me: Does not this cannon ball, 
sent perpendicularly upward by the force of the charge, 
continually decelerate in its motion until finally it reaches 
its ultimate height, where it comes to rest? And in dimin- 
ishing its velocity—or I mean in increasing its slowness— 
is it not reasonable that it makes the change from 10 
degrees to 11 sooner than from 10 to 12? And from 1,000 to 
1,001 sooner than 1,002? And, in short, from any degree to 
a closer one rather than to one more remote? 

SIMP. That is reasonable. 

SAGR. But what degree of slowness is there that is so diss 
tant from any degree of motion that the state of rest 
(which is infinite slowness) is not still farther from it? 
Whence no doubt can remain that the ball, before reaching 
the point of rest, passes through all the greater and greater 
gradations of slowness, and consequently through that one 
at which it would not traverse the distance of one inch ina 
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thousand years. Such being the case, as it certainly is, it 
should not seem improbable to you, Simplicio, that the 
same ball in returning downward, leaving rest, recovers the 
velocity of its motion by returning through those same de- 
grees of slowness through which it passed going up; nor 
should it, on leaving the larger degrees of slowness which 
are closer to the state of rest, pass by a jump to those far- 
ther away. 

Simp. This argument convinces me much more than the 
previous mathematical subtleties. Therefore Salviati may 
resume once more, and continue his argument.| 

SALV. Let us return then to our original purpose, taking 
up where we digressed. If I remember correctly, we were 
_ proving that motion in a straight line could be of no use to 
the well-ordered parts of the world. We went on to say that 
the same did not hold of circular motions, of which the 
one made by the moving body upon itself keeps it ever in 
the same place, and the one which carries the moving body 
along the circumference of a circle about a fixed center 
puts neither it nor those about it in disorder, for such mo- 
tion is essentially finite and terminate. Not only that, but 
there is no point in the circumference which is not a first as 
well as a last point in the rotation, so it stays in the circum- 
ference assigned to it, leaving everything else inside and 
outside of that free for the use of others without ever im- 
peding or disordering them. This being the motion that 
makes the moving body continually leave and continually 
arrive at the end, it alone can be essentially uniform. For 


acceleration occurs in a moving body when it is approach- ° 


ing the point toward which it has a tendency, and retarda- 
tion occurs because of its reluctance to leave and go away 
from that point; and since in circular motion the moving 
body is continually going away from and approaching its 
natural terminus, the repulsion and the inclination are al- 
ways of equal strengths (forze) in it. This equality gives rise 
to a speed which is neither retarded nor accelerated; that 
is, a uniformity of motion. From this uniformity, and from 
the motion being finite, there follows its perpetual contin- 
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uation by a successive repetition of rotations, which can- 
not exist naturally along an unbounded line or in a motion 
continually accelerated or retarded. I say “naturally,” be- 
cause straight motion which is retarded is forced (violento) 
motion, which cannot be perpetual, while accelerated mo- 
tion arrives necessarily at an end if there is one. And if 
none exists, there cannot be motion toward it, for nature 
does not move whither it is impossible to arrive. 

I therefore conclude that only circular motion can nat- 
urally suit bodies which are integral parts of the universe 
as constituted in the best arrangement, and that the most 
which can be said for straight motion is that it is assigned 
by nature to its bodies (and their parts) whenever these are 
to be found outside their proper places, arranged badly, 
and are therefore in need of being restored to their natural 
state by the shortest path. From which it seems to me one 
may reasonably conclude that for the maintenance of per- 
fect order among the parts of the universe, it is necessary 
to say that movable bodies are movable only circularly; if 
there are any that do not move circularly, these are neces- 
sarily immovable, nothing but rest and circular motion 
being suitable to the preservation of order. And I wonder 
not a little that Aristotle, who held that the terrestrial 
globe was located in the center of the universe and re- 
mained there immovably, did not say that of natural bod- 
ies some were naturally movable and others immovable, 
especially since he had previously defined nature to be the 
principle of motion and of rest. 

Sime. Aristotle would not give assurance from his reason- 
ing of more than was proper, despite his great genius. He 
held in his philosophizing that sensible experiments were 
to be preferred above any argument built by human inge- 
nuity, and he said that those who would contradict the ev- 
idence of any sense deserved to be punished by the loss of 
that sense. Now who is there so blind as not to see that 


earthy and watery parts, as heavy things, move naturally 


downward—that is to say toward the center of the uni- 
verse, assigned by nature itself as the end and terminus of 
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straight motion deorsum? Who does not likewise see fire and Our senses 
air move directly upward toward the arc of the moon’s show that 
orbit, as the natural end of motion sursum? This being so Pact cs 
obviously seen, and it being certain that eadem est ratio totius toward the 
et partium, why should he not call it a true and evident oe 
proposition that the natural motion of earth is straight mo- _ toward the 
tion ad medium, and that of fire, straight a medio? moon’s 
SALV. The most that ought to be conceded to you by ote 
virtue of this argument of yours is that just as parts of the 
earth, removed from the whole (that is, from the place 
where they naturally rest) and, in short, reduced to a bad 
and disordered arrangement, return to their places natu- 
rally and spontaneously in a straight motion, so it may be 
inferred (granted that eadem sit ratio totius et partium) that if 
the terrestrial globe were forcibly removed from the place 
assigned to it by nature, it would return by a straight line. 
This, as I said, is the most that can be granted to you, even 
after giving you every sort of consideration. Anyone who There is 
wants to review these matters rigorously will deny at the some doubt 
outset that the parts of the earth, when returning to its a 
whole, do move in a straight line and not in a circular or | heavy bod- 
mixed one. You would surely have plenty of trouble em, a 
demonstrating the contrary, as you will clearly see from _ iines, 
the answers to the reasons and the particular experiments 
adopted by Ptolemy and Aristotle. 

Secondly, if it should be said that the parts of the earth 
do not move so as to go toward the center of the universe, 
but so as to unite with the whole earth (and that conse- 
quently they have a natural tendency toward the center of The earth 
the terrestrial globe, by which tendency they cooperate to spherical 
: because its 
form and preserve it), then what other “whole” and what parts tend 
other “center” would you find for the universe, to which ' toward the 
the entire terrestrial globe would seek to return if re- “™'™ 
moved therefrom, so that the rationale of the whole might 
still be like that of its parts? 

I might add that neither Aristotle nor you can ever 
prove that the earth is de facto the center of the universe; if 


any center may be assigned to the universe, we shall rather 
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find the sun to be placed there, as you will understand in 
due course. 

Now just as all the parts of the earth mutually cooper- 
ate to form its whole, from which it follows that they have 
equal tendencies to come together in order to unite in the 
best possible way and adapt themselves by taking a spher- 
ical shape, why may we not believe that the sun, moon, and 
other world bodies are also round in shape merely by a 
concordant instinct and natural tendency of all their com-’ 
ponent parts? If at any time one of these parts were 
forcibly separated from the whole, is it not reasonable to 
believe that it would return spontaneously and by natural 
tendency? And in this manner we should conclude that 
straight motion is equally suitable to all world bodies. 
Simp. There is no doubt whatever that since you wish to 
deny not only the principles of the sciences, but palpable 
experience and the very senses themselves, you can never 
be convinced, nor relieved from any preconceived opinion. 
Therefore I shall hold my peace because contra negantes 
princtpia non est disputandum, and not because I am per- 
suaded by your reasoning. 

Concerning the things you have just said, questioning 
even whether the motion of heavy bodies is straight or not, 
how can you ever reasonably deny that parts of the 
earth—that is to say, heavy bodies—descend straight 
toward the center? For if you let a rock fall from a very 
high tower whose walls are straight and plumb, it will go 
down grazing the tower to the earth, and strike in the same 
place where a plummet would come to rest if hung on a 
cord fastened above, exactly where the rock was let drop. 
Isn’t this only too obvious an argument that such motion is 
straight and toward the center? 

In the second place you question whether parts of the 
earth move so as to go toward the center of the universe, as 
Aristotle affirms. As if he had not proved this conclusively 
by the doctrine of contrary motions, arguing as follows. 
The motion of heavy bodies is contrary to that of light 
ones. But the motion of light ones is seen to be directly up- 
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ward; that is, toward the circumference of the universe. 
Therefore the motion of heavy bodies is directly toward 
the center of the universe, and it happens per accidens that 
this is toward the center of the earth, because the latter co- 
incides with the former and is united to it. 

Next it is vain to inquire, as you do, what a part of thie 
globe of the sun or moon would do if separated from its 
whole, because what you inquire into would be the conse- 
quence of an impossibility. For, as Aristotle also demon- 
strates, celestial bodies are invariant, impenetrable, and 
unbreakable; hence such a case could never arise. And 
even if it should, and the separated part did return to its 
whole, it would not return thus because of being heavy or 
light, since Aristotle also proves that celestial bodies are 
neither heavy nor light. 

SALV. As I said before, you will learn how reasonable it is 


for me to doubt whether heavy bodies move by a straight 


and perpendicular line when I examine that particular ar- 
gument. As to the second point, I am surprised that you 
should need to have Aristotle’s fallacy revealed, it being so 
obvious, and I wonder at your failure to perceive that Aris- 
totle assumes what is in question. For observe that... 
Sime. Please, Salviati, speak more respectfully of Aris- 
totle. He having been the first, only, and admirable ex- 
pounder of the syllogistic forms, of proofs, of disproofs, of 
the manner of discovering sophisms and fallacies—in 
short, of all logic—how can you ever convince anyone that 
he would subsequently equivocate so seriously as to take 
for granted that which is in question? Gentlemen, it would 
be better first to understand him perfectly, and then see 
whether you want to refute him. 

SALV. Simplicio, we are engaging in friendly discussion 
among ourselves in order to investigate certain truths. I 
shall never take it ill that you expose my errors; when I 
have not followed the thought of Aristotle, rebuke me 
freely, and I shall take it in good part. Only let me expound 
my doubts and reply somewhat to your last remarks. Logic, 
as it is generally understood, is the organ with which we 
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philosophize. But just as it may be possible for a craftsman 
to excel in making organs and yet not know how to play 
them, so one might be a great logician and still be inexpert 
in making use of logic. Thus we have many people who 
theoretically understand the whole art of poetry and yet 
are inept at composing mere quatrains; others enjoy all the 
precepts of da Vinci and yet do not know how to paint a 
stool. Playing the organ is taught not by those who make 
organs, but by those who know how to play them; poetry is 
learned by continual reading of the poets; painting is ac- 
quired by continual painting and designing; the art of 
proof, by the reading of books filled with demonstra- 
tions—and these are exclusively mathematical works, not 
logical ones. 

Now, returning to our purpose, I say all that Aristotle 
sees of the motion of light bodies is that fire leaves any part 
of the surface of the terrestrial globe and goes directly 
away from it, rising upward; this indeed is to move toward a 
circumference greater than that of the earth. Aristotle has 
it move to the arc of the moon’s path. But he cannot affirm 
that this is the circumference of the universe, or is concen- 
tric with that, so that to move toward it is to move toward 
the circumference of the universe. To do so he must sup- 
pose that the center of the earth, from which we see these 
ascending light bodies depart, is the same as the center of 
the universe; which is as much as to say that the terrestrial 
globe is located in the center of the universe. Now that is 
just what we were questioning, and what Aristotle intended 
to prove. You say that this is not an obvious fallacy? 

SAGR. This argument of Aristotle’s appeared to me de- 
fective and inconclusive also in another respect, even if: 
one concedes to him that the circumference toward which 
fire moves in straight lines is that which encloses the uni- 
verse. For leaving not only from the center, but from any 
other point in a circle, every body moving in a straight line 
toward any point whatever will doubtless go toward the 
circumference and, continuing its motion, will arrive 
there. Thus we may say truly that this moves toward the 
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circumference, but it will not always be true that anything 
moving by the same line in the opposite direction would 
go toward the center. This will be true only if the point 
taken is itself the center, or if the motion is made along 
that single line which, produced from the given point, 
passes through the center. So that to say “Fire moving in a 
straight line goes toward the circumference of the uni-_ 
verse; therefore particles of earth, which move with a con- 
trary motion along the same lines, go toward the center of 


the universe” is valid only when it is assumed that such © 


lines of fire, produced, pass through the center of the uni- 
verse. And though we know for certain that they pass 
through the center of the terrestrial globe (being perpen- 
dicular to its surface, not inclined), to draw any conclusion 
we must suppose that the center of the earth is the same as 
the center of the universe, or else that particles of fire and 
earth ascend and descend only by one particular line, 
which passes through the center of the universe. Now this 
is false and repugnant to experience, which shows us that 
particles of fire ascend always by lines perpendicular to 
the surface of the terrestrial globe, and not by any one line 
alone, but by infinitely various lines extending from the 
center of the earth toward every part of the universe. 
SALV. You most ingeniously lead Aristotle into the same 
difficulty, Sagredo, showing the obvious mistake, and 
adding to it yet another inconsistency. We observe the 
earth to be spherical, and therefore we are certain that it 
has a center, toward which we see that all its parts move. 
We are compelled to speak in this way, since their motions 
are all perpendicular to the surface of the earth, and we 
understand that as they move toward the center of the 
earth, they move to their whole, their universal mother. 
Now let us have the grace to abandon the argument that 
their natural instinct is to go not toward the center of the 
earth, but toward the center of the universe; for we do not 
know where that may be, or whether it exists at all. Even if 
it exists, it is but an imaginary point; a nothing, without 
any quality. 
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Now as to Simplicio’s final remark. He says that it is 
folly to debate whether parts of the sun, moon, or any 
other celestial body, if separated from their whole, would’ 
naturally return to it; because (he says) the case is impossi- 
ble, it being clear from Aristotle’s proofs that celestial bod- 
ies are invariant, impenetrable, indivisible, etc. I answer 


that none of the conditions by which Aristotle distin- 


guishes celestial from elemental bodies has any other 
foundation than what he deduces from the difference in 
natural motion between the former and the latter. In that 
case, if itis denied that circular motion is peculiar to celes- 
tial bodies, and affirmed to belong to all naturally movable 
bodies, then one must choose one of two necessary conse- 
quences. Either the attributes of generable-ingenerable, 
alterable-inalterable, divisible-indivisible, etc. suit equally 
and commonly all world bodies—as much the celestial as 
the elemental—or Aristotle has wrongly and erroneously 
deduced, from circular motion, those attributes which he 
has assigned to celestial bodies. 

SIMP. This way of philosophizing tends to subvert all nat- 
ural philosophy, and to disorder and set in confusion 
heaven and earth and the whole universe. However, I be- 
lieve the fundamental principles of the Peripatetics to be 
such that there is no danger of new sciences being erected 
upon their ruins. 

SALV. Do not worry yourself about heaven and earth, nor 
fear either their subversion or the ruin of philosophy. As to 
heaven, it is in vain that you fear for that which you your- 
self hold to be inalterable and invariant. As for the earth, 
we seek rather to ennoble and perfect it when we strive to 
make it like the celestial bodies, and, as it were, place it in 
heaven, from which your philosophers have banished it. 
Philosophy itself cannot but benefit from our disputes, for 
if our conceptions prove true, new achievements will be 
made; if false, their rebuttal will further confirm the origi- 
nal doctrines. No, save your concern for certain philoso- 
phers; come to their aid and defend them. As to science 
itself, it can only improve. 
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Now, getting back to the point, please set forth freely 

whatever presents itself to you in confirmation of that 
great difference which Aristotle establishes between 
celestial and elemental bodies by making the former in- 
generable, incorruptible, inalterable, etc.,. and the latter 
corruptible, alterable, etc. 
Simp. So far I do not see that Aristotle needs any lite, 
standing stoutly and strongly on his feet and not being 
even attacked yet, much less defeated by you. Nay, what 
will be your defense against this initial assault? 

Aristotle writes: “That which is generated becomes so 
from a contrary existing in some subject, and likewise E 
corrupted in some subject by a contrary into a contrary.” 
Observe thus that corruption and generation occur only if 
there are contraries. “But the movements of contraries are 
contrary. If therefore to a celestial body no contrary can be 
assigned (and circular motion has no other motion for its 
contrary) then nature did very well to keep contraries out 
of that which was to be ingenerable and incorruptible.” 
This principle established, it follows immediately as a con- 
sequence that such a body is inaugmentable, inalterable, 
invariant, and finally eternal, and a suitable habitation for 
the immortal gods—which conforms to the opinion also of 
all men who have any concept of the gods. He then con- 
firms the same conclusion by the senses; for in all times 
past, according to memory and tradition, nothing is seen to 
be altered, either in the remotest heavens, or in any inte- 
gral part of heaven. 

As to there being no motion contrary to the circular, 
Aristotle proves this in many ways. Without repeating 
them all, it is very clearly proved because the simple mo- 
tions are but three—to the middle, from the middle, and 
around the middle—and of these, the two straight mo- 
tions, sursum and deorsum, are obviously contrary. Since one 
thing can have only one contrary, there is no other motion 
left which may be contrary to the circular. Oh, contem- 
plate this most subtle and conclusive argument of Aris- 
totle by which he proves the incorruptibility of heaven! 
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SALV. Well, this is nothing more than that very step of 
Aristotle’s which J just hinted at, and your inference from 
it remains futile if I deny that the motion which you at- 
tribute to celestial bodies is not also suited to the earth. But 
I tell you that the circular motion which you assign to ce- 
lestial bodies is also suited to the earth; from which, sup- 
posing the rest of your discourse to be conclusive, will 
follow one of three things, as I just finished telling you, and 
shall now repeat. Either the earth itself is also ingenerable 
and incorruptible, as are celestial bodies; or celestial bod- 
ies are, like the elemental, generable and alterable; or this 
difference of motion has nothing to do with generation 
and corruption. Aristotle’s argument and yours contain 
many propositions that. are not to be lightly taken for 
granted, and in order to examine them better it will be 
good to make them as clear and distinct as possible-—Ex- 
cuse me, Sagredo, if perhaps I bore you by repeating my- 
self; pretend that you are hearing me take up the argument 
in a public debate. 

You say: “Generation and corruption occur only where 
there are contraries; contraries exist only among simple 
natural bodies, movable in contrary motions; contrary 
motions include only those made in straight lines between 
opposite ends; of these there are but two, namely, from 
the middle and toward the middle; and such motions be- 
long to no natural bodies except earth, fire, and the two 
other elements; therefore generation and corruption exist 
only among the elements. And because the third simple 
motion, namely, the circular, about the middle, has no 
contrary (because the other two are contraries, and. one 
thing has but one contrary) therefore that natural body to 
which such motion belongs lacks a contrary and, having 
no contrary, 1s ingenerable and incorruptible, etc., because 
where there are no contraries there is no generation, cor- 
ruption, etc. But such motion belongs to celestial bodies 
alone; therefore only these are ingenerable, incorruptible, 
eet 

Now in the first place, I should think it would be an eas- 
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ier thing to determine whether the earth, a most vast body’ Easier to 
and very convenient because of its nearness to us, moves discover 
so rapidly as to revolve about its axis every twenty-four goa 
hours than it would be to understand and determine than 
whether generation and corruption arise from contraries, ee 
or indeed whether generation, corruption, and contraries | is wrought 
have any existence in nature. And if you, Simplicio, know by con- 
how to teach me nature’s method of operation in quickly “""* 
P quicmly 
begetting a hundred thousand flies from a small quantity of 
musty wine fumes, showing me what the contraries are in 
that case, and what thing corrupts, and how, I should es- 
teem you even more than I do; for I comprehend these 
matters not at all. In addition I should very much like to 
understand how and why these corrupting contraries are 
so favorable to daws and so cruel to doves, so indulgent to 
stags and so impatient with horses, as to allow the former 
‘many more years of life (that is to say, of incorruptibility) 
’ than they give weeks to the latter. Peach and olive trees are 
planted in the same soil, exposed to the same cold and 
heat, to the same rains and wind, and in brief to the same 
contraries; yet the former decay in a short time, and the 
latter live many hundreds of years. Besides, I never was 
thoroughly convinced of any transmutation of substance 
(always confining ourselves to strictly natural phenomena) 
according to which matter becomes transformed in such a 
- way that it is utterly destroyed, so that nothing remains of 
its original being, and another quite different body is pro- 
duced in its place. If I fancy to myself a body under one as- A simple 
pect, and then under another quite different, I do not think — 
it impossible for transformation to occur by a simple trans- = _ 
position of parts, without any corruption or the generation. show bodies 
of anything new, for we see similar metamorphoses daily. . oe? 
So, to repeat once more, I answer you that inasmuch as 
you wish to persuade me that the earth cannot move cir- 
cularly because of its corruptibility and generability, you 
_will have a much greater task than I, who will prove the 
opposite to you with arguments that are indeed more dif- 


ficult but no less conclusive. 
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SAGR. Pardon me if J interrupt your discourse, Salviati, 
but much as it delights me (since I, too, find myself entan- 
gled in the same difficulties) I doubt that your remarks can 
be brought to a conclusion without our altogether laying 
aside the main subject. Therefore if it is possible to go 
ahead with our first argument, I think it would be better to 
leave this question of generation and corruption to an- 
other separate and exclusive session. Also, if it suits you 
and Simplicio, we may do the same with other special 
questions which come up in the course of discussion. 
These I shall try to keep in mind séparately, so as to pro- 
pose them some other day for careful examination. 

Now as to the present question: You say that if one de- 
nies Aristotle’s statement that circular motion does not be- 
long to the earth as it does to celestial bodies, then it 
follows that whatever is true of the earth as to its being 
generable, alterable, and so forth, is true also of the heav-’ 
ens. Let us then inquire no further whether or not such 
things as generation and corruption exist in nature, but 
turn to investigating what the terrestrial globe actually 
does. 

Simp. I cannot accustom my ears to hearing it questioned 
whether generation and corruption exist in nature, this 
being a thing which is continually before our eyes, and one 
about which Aristotle has written two whole books. But 
once you have denied the principles of the sciences and 
have cast doubt upon the most evident things, everybody 
knows that you may prove whatever you will, and maintain 
any paradox. If you do not daily see herbs, plants, and ani- 
mals generate and decay, what on earth do you see? Do you 
not continually behold contraries contending together, the 
earth changing into water, water into air, air into fire, and 
air again condensing into clouds, rains, hail, and tempests? 
SAGR. Of course we see those things, and we are willing 
to grant you Aristotle’s argument as to this aspect of the 
generation and corruption produced by contraries. But 
what if I should prove to you, on the basis of the very 
propositions conceded to Aristotle, that celestial bodies 
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themselves are no less generable and corruptible than ele- 
mental? What would you say to that? 

SIMP. I should say that you would have accomplished the 
impossible. 

SAGR. Tell me, Simplicio, aren’t these qualities contrary 
to one another? 

S1mP. Which? 

SAGR. Why, these: alterable, inalterable; variable, invari- 
ant, generable, ingenerable; corruptible, incorruptible. 
SIMP. They are quite contrary. 

SAGR. As this is so, and it is also true that celestial bodies 
are ingenerable and incorruptible, I shall prove to you that 
celestial bodies must necessarily be- generable and cor- 
ruptible. 

Simp. This cannot be anything but a sophism. 

SAGR. First listen to my argument; then criticize it and 
resolve it. ’ 

Celestial bodies, since they are ingenerable and incor- Celestial 
ruptible, have their contraries in nature, these being such bodies are 
bodies as are generable and corruptible. But where there is aed 
contrariety, there are also generation and corruption. cruptible be- 
Therefore celestial bodies are generable and corruptible. “ae Sad 
Simp. Did I not tell you it could be nothing but a sophism? _ generable 
This is one of those forked arguments called “sorites,” like 4nd incor- 
that of the Cretan who said that all Cretans were liars. ?™”* 
Therefore, being a Cretan, he had told a lie in saying that Forked ar- 
Cretans were liars. It follows therefore that the Cretans s¥ment 

: ; otherwise 
were not liars, and consequently that he, being a Cretan, cated 
had spoken truth. And since in saying that Cretans were _ sorites. 
liars he had spoken truly, including himself as a Cretan, he 
must consequently be a liar. And thus, in such sophisms, a 
man may go round and — forever and never come to 
any conclusion. 

SAGR. So far you have given it a name; it now remains for 
you to unravel it and reveal the fallacy. 

Simp. As to its solution and the showing of the fallacy, do 
you notin the first place see an obvious contradiction in it? 
Celestial bodies are ingenerable and incorruptible; there- 
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fore, celestial bodies are generable and corruptible! Be- 
sides, contrariety does not exist between celestial bodies, 
but between the elements, which have the contrariety of 
motion sursum and deorsum, and of levity and gravity. But 
the heavens, which move circularly (to which motion no 
other motion is contrary) lack contrariety and are there- 
fore incorruptible, etc. 

SAGR. Go easy now, Simplicio. Does this contrariety, 
which makes you call some simple bodies corruptible, re- 
side in the very body that is corrupted, or merely in its re- 
lation to some other? I mean, for example, does the 
moisture by which a piece of earth is corrupted reside in 
that same earth, or in some other body, which would be ei- 
ther air or water? I believe you will say that just as motion 
upward and downward, or gravity and levity, which you 
make out to be the original contraries, cannot both exist in 
the same subject, neither can moist and dry, nor hot and 
cold. You must therefore say that when a body becomes 
corrupted, this is occasioned by the quality contrary to its 
own residing in another body. Therefore, to make a celes- 
tial body corruptible, it is sufficient that there are in nature 
bodies having a contrariety to the celestial bodies. And 
such are the elements, if it is true that corruptibility is 
contrary to incorruptibility. 

S1MP. No, this is not sufficient, my dear sir. The elements 
become altered and corrupted because they contact and 
mix with one another, and thus can exercise their contrari- 
ety. But celestial bodies are separated from the elemental, 
by which they are not even touched—though they, indeed, 
do influence the elements. If you want to establish genera- 
tion and corruption in celestial bodies, you must show that 
contrariety exists among them. 

SAGR. Here is how I shall find it among them. The origi- 
nal source from which you derive the contrarieties of the 
elements is the contrariety of their motions upward and 
downward. Therefore it must be that whatever principles 
those motions depend upon are likewise contrary to each 
other. Now since whatever moves upward does so because 
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-of lightness, and whatever downward does so because of 
heaviness, lightness and heaviness must be contrary to Heaviness 
each other. No less ought we to consider as contraries any 2"4 light-- 

ae: : : ness, rarity 
other principles that are causes of one thing being heavy and density, 
and another light. According to you yourself, levity and are con- 
gravity occur in consequence of rarity and density; there- oe ee 
fore density and rarity will be contraries. Now these qual- 

ities are to be found so abundantly in celestial bodies that 

you deem the stars to be merely denser parts of their 

heaven. If that is so, it follows that the density of the stars . stars infi- 

exceeds that of the rest of heaven almost infinitely. (This is eel ex: 

obvious from the heavens being extremely transparent and ee he 

the stars extremely opaque, and from there being no qual- material of 

ities except greater or less density and rarity which can be a a : 
causes of greater or less transparency.) There being, then, 

such contrariety between celestial bodies, they must nec- 

essarily be generable and corruptible in the same way that 

elemental bodies are, or else contratiety is not the cause of 

corruptibility, etc. 

SIMP. Neither alternative is necessary, because in celestial _ Rarity and 

bodies density and rarity are not contraries to each other 4ensity in 

: : - heavenly 
as they are in elemental bodies. For there they do not de-  jodies dif- 
pend upon the primary qualities, cold and heat, which are . ferent from 
contrary, but upon greater or less matter in proportion to cana 
size. Now “much” and “little” have only a‘relative opposi- —Cremonino. 

_ tion, which is the most trifling there is and has nothing to 

do with generation and corruption. 

SAGR. So that to have dense and rare be dis cause of 

heaviness and lightness in the elements, which in turn are 

able to cause the contrary motions sursum and deorsum, 

upon which next depend the contrarieties for generation 

and corruption, it is not sufficient for these elements to be 

“dense” and “rare” from enclosing much or little matter 

within the same size, or bulk; they must be “dense” and 

“rare” thanks to the primary qualities of heat and cold. 

Otherwise they accomplish nothing. 

But if that is so, Aristotle has deceived us. He should 


have said this in the first place, and should have written 
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that those simple bodies are generable and corruptible 
which are movable with simple motions upward and 
downward, depending upon levity and gravity, caused by 
rarity and density, made by much or little matter, resulting 
from heat and cold. He ought not to have stopped at sim- 
ple motion sursum and deorsum, for | assure you that as to 
bodies being heavy or light so that they come to be moved 
with contrary motions, any kind of density and rarity will 
do, whether it comes from heat and cold or anything else 
you please. Heat and cold have nothing to do with this 
matter. You will find upon experiment that a glowing iron, 
which can surely be called hot, weighs the same and moves 
in the same manner:as when it is cold. But all this aside, 
how do you know that celestial rarity and density do not 
depend upon heat and cold? 

SiMP. I know it because those qualities do not exist among 
celestial bodies, which are neither hot nor cold. 

SALV. I see we are once more going to engulf ourselves in 
a boundless sea from which there is no getting out, ever. 
This is navigating without compass, stars, oars, or rudder, 
in which we must needs either pass from bank to bank or 
run aground, or sail forever lost. If, as you suggested, we 
are to get on with our main subject, it is necessary for the 
present to put aside the general question whether straight 
motion is necessary in nature and is proper to some bodies, 
and proceed to demonstrations, observations, and particu- 
lar experiments. First we must propound all those that 
have been put forward to prove the earth’s stability by 
Aristotle, Ptolemy, and others, trying next to resolve them. 
Finally we must produce those by which a person may be- 
come persuaded that the earth, no less than the moon or 
any other planet, is to be numbered among the natural 
bodies that move circularly. ; 
SAGR. I submit to the latter more willingly, as I am better 
satisfied with your architectonic and general discourse — 
than with that of Aristotle. For yours satisfies me without 
the least misgiving, while the other blocks me in some way 
at every turn. Nor do I know why Simplicio should not be 
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quickly satisfied with the argument you put forward to 
prove that motion in a straight line can have no place in 
nature, so long as we suppose the parts of the universe to 
be disposed in the best arrangement and perfectly ordered. 
SALV. Stop there, Sagredo, for now a way occurs to me in 
which Simplicio may be given satisfaction, provided only 
that he does not wish to stay so closely tied to every phrase 
of Aristotle’s as to hold it sacrilege to depart from a single 
one of them. 

There is no doubt that to maintain the optimum place- 
ment and perfect order of the parts of the universe as to 
local situation, nothing will do but circular motion or rest. 
As to motion by a straight line, I do not see how it can be 
of use for anything except to restore to their natural loca- 
tion such integral bodies as have been accidentally re- 
moved and separated from their whole, as we have just 
said. 

Let us now consider the whole terrestrial globe, and let 
us see what can happen to make it and the other world 
bodies keep themselves in the natural and best disposition. 
One must either say that it is at rest and remains perpetu- 
ally immovable in its place, or else that it stays always in its 
place but revolves itself, or finally that it goes about a cen- 
ter, moving along the circumference of a circle. Of these 
events, Aristotle and Ptolemy and all their followers say 
that it is the first which has always been observed and 
which will be forever maintained; that is, perpetual rest in 
the same place. Now why, then, should they not have said 
from the start that its natural property is to remain mo- 
tionless, rather than making its natural motion downward, 
a motion with which it never did and never will move? And 
as to motion by a straight line, let it be granted to us that 
nature makes use of this to restore particles of earth, water, 
air, fire, and every other integral mundane body to their 
whole, when any of them find themselves separated and 
transported into some improper place—unless this 
restoration can also be made by finding some more appro- 
priate circular motion. It seems to me that this original po- 
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sition fits all the consequences much better, even by Aris- 
totle’s own method, than to attribute straight motion as an 
intrinsic and natural principle of the elements. This is ob- 
vious; for let me ask the Peripatetic if, being of the opinion 
that celestial bodies are incorruptible and eternal, he be- 
lieves that the terrestrial globe is not so, but corruptible 
and mortal, so that there will come a time when, the sun 
and moon and other stars continuing their existence and 
their operations, the earth will not be found in the universe 
but will be annihilated along with the rest of the elements, 
and I am certain that he would answer, No. Therefore gen- 
eration and corruption belong to the parts and not to the 
whole; indeed, to very small and superficial parts which 
are insensible in comparison to the whole mass. Now since 
Aristotle argues generation and corruption from the con- 
trariety of straight motions, let us grant such motions to 
the parts, which alone change and decay. But to the whole 
globe and sphere of the elements will be ascribed either 
circular motion or perpetual continuance in its proper 
place—the only tendencies fitted for the perpetuation and 
maintenance of perfect order. 

What is thus said of earth may be said as reasonably of 
fire and of the greater part of the air, to which elements 
the Peripatetics are forced to assign as an intrinsic and nat- 
ural motion one with which they were never moved and 
never will be, and to abolish from nature that motion with 
which they move, have moved, and are to be moved per- 
petually. I say this because they assign an upward motion 
to air and fire, which is a motion that never belongs to the 
said elements, but only to some of their particles—and 
even then only to restore them to perfect arrangement 
when they are out of their natural places. On the other 
hand, they call circular motion (with which they are inces- 
santly moved) preternatural to them, forgetting what Aris- 
totle has said many times, that nothing violent can last | 
very long. 
SIMP. To all these things we have the most suitable an- 
swers, which I omit for the present in order that we may 
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come to the particular reasons and sensible experiments 
which ought to be finally preferred, as Aristotle well says, 
above anything that can be supplied by human argument. 
SAGR. Then what has been said up to now will serve to 
place under consideration which of two general argu- 
ments has the more probability. First there is that of Aris- 
totle, who would persuade us that sublunar bodies are by 
nature generable and corruptible, etc., and are therefore 
very different in essence from celestial bodies, these being 
invariant, ingenerable, incorruptible, etc. This argument is 
deduced from differences of simple motions. Second is 
that of Salviati, who assumes the integral parts of the 
world to be disposed in the best order, and as a necessary 
consequence excludes straight motions for simple natural 
bodies as being of no use in nature; he takes the earth to be 
another of the celestial bodies, endowed with all the pre- 
rogatives that belong to them. The latter reasoning suits 
me better up to this point than the other. Therefore let 
Simplicio be good enough to produce all the specific argu- 
ments, experiments, and observations, both physical and 
astronomical, by which one may be fully persuaded that 
the earth differs from the celestial bodies, is immovable, 
and is located in the center of the universe, or anything 
else that would exclude the earth from being movable like : 
a planet such as Jupiter, or the moon, etc. And you, 
Salviati, have the kindness to reply step by step. 

Simp. For a beginning, then, here are two powerful 
demonstrations proving the earth to be very different from 
celestial bodies. First, bodies that are generable, corrupt- 
ible, alterable, etc., are quite different from those that are 
ingenerable, incorruptible, inalterable, etc. The earth is 
generable, corruptible, alterable, etc., while celestial bod- 
ies are ingenerable, incorruptible, inalterable, etc. There- 
fore the earth is very different from the celestial bodies. 
SaGR. With your first argument, you bring back to the 
table what has been standing there all day and has just now 
been carried away. 

SiMP. Softly, sir; hear the rest, and you will see how dif- 
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ferent it is from that. Formerly the minor premise was 
proved a priori, and now I wish to prove it a postertort. See 
for yourself whether this is the same thing. I shall prove 
the minor, because the major is obvious. 

Sensible experience shows that on earth there are con- 
tinual generations, corruptions, alterations, etc., the like of 
which neither our senses nor the traditions or memories of 
our ancestors have ever detected in heaven; hence heaven 
is inalterable, etc., and the earth alterable, etc., and there- 
fore different from the heavens. 

The second argument I take from a principal and essen- 
tial property, which is this: whatever body is naturally dark 
and devoid of light is different from luminous and re- 
splendent bodies; the earth is dark and without light, and 
celestial bodies are splendid and full of light; therefore, 
etc. Answer these, so that too great a pile does not accu- 
mulate, and then J will add others. 

SALV. As to the first, for whose force you appeal to experi- 
ence, I wish you would tell me precisely what these alter- 
ations are that you see on the earth and not in the heavens, 
and on account of which you call the earth alterable and 
the heavens not. 

Simp. On earth I continually see herbs, plants, animals 
generating and decaying; winds, rains, tempests, storms 
arising; in a word, the appearance of the earth undergoing 
perpetual change. None of these changes are to be dis- 
cerned in celestial bodies, whose positions and configura- 
tions correspond exactly with everything men remember, 
without the generation of anything new there or the cor- 
ruption of anything old. 

SALV. But if you have to content yourself with these visi- 
ble, or rather these seen experiences, you must consider 
China and America celestial bodies, since you surely have 
never seen in them these alterations which you see in Italy. 
Therefore, in your sense, they must be inalterable. 

Simp. Even if I have never seen such alterations in those 
places with my own senses, there are reliable accounts of 
them; besides which, cum eadem sit ratio totius et partium, 
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those countries being a part of the earth like ours, they 

must be alterable like this. 

SALV. But why have you not observed this, | of re- 

ducing yourself to having to believe the tales of others? 

Why not see it with your own eyes? | 

S1MP. Because those countries are far from being exposed 

to view; they are so distant that our sight could not dis- 

cover such alterations in them. 

SALV. Now see. for yourself how you have inadvertently 

revealed the fallacy of your argument. You say that alter- 

ations which may be seen near at hand on earth cannot be 

seen in America because of the great distance. Well, so 

much the less could they be seen in the moon, which is 

many hundreds of times more distant. And if you believe 

in alterations in Mexico on the basis of news from there, 

what reports do you have from the moon to convince you 

that there are no alterations there? From your not seeing 

alterations in heaven (where if any occurred you would 

not be able to see them by reason of the distance, and from 

whence no news is to be had), you cannot deduce that 

there are none, in the same way as from seeing and recog- 

nizing them on earth you correctly deduce that they do 

exist here. 

Simp. Among the changes that have taken place on earth I 

can find some so great that if they had occurred on the Mediter- 

moon they could very well have been observed here below, Tanean 
formed by 

From the oldest records we have it that formerly, at the she division 

Straits of Gibraltar, Abila and Calpe were joined together between 

with some lesser mountains which held the ocean in check; a 

but these mountains being separated by some cause, the a 

opening admitted the sea, which flooded in so as to form 

the Mediterranean. When we consider the immensity of 

this, and the difference in appearance which must have 

been made in the water and land seen from afar, there is no 

doubt that such a change could easily have been seen by 

anyone then on the moon. Just so would the inhabitants of — 

earth have discovered any such alteration in the moon; yet 

there is no history of such a thing being seen. Hence there 


56 - The First Day 


remains no basis for saying that anything in the heavenly 
bodies is alterable, etc. 

SALV. I do not make bold to say that such great changes 
have taken place in the moon, but neither am I sure that 
they could not have happened. Such a mutation could be 
represented to us only by some variation between the 
lighter and the darker parts of the moon, and I doubt 
whether we have had observant selenographers on earth 
who have for any considerable number of years provided 
us with such exact selenography as would make us reason- 
ably conclude that no such change has come about in the 
face of the moon. Of the moon’s appearance, I find no more 
exact description than that some say it represents a human 
face; others, that it is like the muzzle of a lion; still others, 
that it is Cain with a bundle of thorns on his back. So to say 
“Heaven is inalterable, because neither in the moon nor in 
other celestial bodies are such alterations seen as are dis- 
covered upon the earth” has no power to prove anything. 
SAGR. This first argument of Simplicio’s leaves me with 
another haunting: doubt which I should like to have re- 
moved. Accordingly I ask him whether the earth was 
generable and corruptible before the Mediterranean inun- 
dation, or whether it began to be so then? 

S¥MP. It was without doubt generable and corruptible be- 
fore, as well; but that was so vast a mutation that it might 
have been observed as far.as the moon. 

SAGR. Well, now; if the earth was generable and corrupt- 
ible before that flood, why may not the moon be equally so 
without any such change? Why is something necessary in 
the moon which means nothing on the earth? 

SALV. A very penetrating remark. But I am afraid that 
Simplicio is altering the meaning a bit in this text of Aris- 
totle and the other Peripatetics. They say that they hold 
the heavens to be inalterable because not one star there has 
ever been seen to be generated or corrupted, such being 
probably a lesser part of heaven than a city is of the earth; 
yet innumerable of the latter have been destroyed so that 
not a trace of them remains. 
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SAGR. Really, I thought otherwise, believing that Simpli- 

cio distorted this exposition of the text so that he might 

not burden the Master and his disciples with a notion even 

more fantastic than the other. What folly it is to say, “The 

heavens are inalterable because stars are not generated or 

corrupted in them.” Is there perhaps someone who has 

seen one terrestrial globe decay and another regenerated 

in its place? Is it not accepted by all philosophers that very 

few stars in the heavens are smaller than the earth, while a 

great many are much bigger? So the decay of a star in Itisnoless 

heaven would be no less momentous than for the whole impossible 

terrestrial globe to be destroyed! Now if, in order to be oe i 

able to introduce generation and corruption into the uni- rupted than 

verse with certainty, it is necessary that as vast a body as a rll 

star must be corrupted and regenerated, then you had bet- globe. 

ter give up the whole matter; for I assure you that you will 

never see the terrestrial globe or any other integral body in 

the universe so corrupted that, after having been seen for 

many ages past, it dissolves without leaving a trace behind. 

SALV. But to give Simplicio more than satisfaction, and to 

reclaim him if possible from his error, I declare that we do 

have in our age new events and observations such that if Aristotle 

Aristotle were now alive, I have no doubt he would change Would alter 
3 as a: me : his opinion 

his opinion. This is easily inferred from his own manner Of upon seeing 

philosophizing, for when he writes of considering the the new 

heavens inalterable, etc., because no new thing is seen to _ se - 

be generated there or any old one dissolved, he seems im- 

plicitly to let us understand that if he had seen any such 

event he would have reversed his opinion, and properly 

preferred the sensible experience to natural reason. Unless 

he had taken the senses into account, he would not have 

argued immutability from sensible mutations not being 

seen. . 

Simp. Aristotle first laid the basis of his argument a priori,. 

showing the necessity of the inalterability of heaven by 

means of natural, evident, and clear principles. He after- 

ward supported the same a posteriori, by the senses and by 


the traditions of the ancients. 
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SALvV. What you refer to is the method he uses in writing 
his doctrine, but I do not believe it to be that with which he 
investigated it. Rather, I think it certain that he first ob- 
tained it by means of the senses, experiments, and obser- 
vations, to assure himself as much as possible of his 
conclusions. Afterward he sought means to make them 
demonstrable. That is what is done for the most part in the 
demonstrative sciences; this comes about because when 
the conclusion is true, one may by making use of analyti- 
cal methods hit upon some proposition which is already 
demonstrated, or arrive at some axiomatic principle; but if 
the conclusion is false, one can go on forever without ever 
finding any known. truth—if indeed one does not en- 
counter some impossibility or manifest absurdity. And you 
may be sure that Pythagoras, long before he discovered the 
proof for which he sacrificed a hecatomb, was sure that the 
square on the side opposite the right angle in a right trian- 
gle was equal to the squares on the other two sides. The 
certainty of a conclusion assists not a little in the discovery 
of its proof—meaning always in the demonstrative sci- 
ences. But however Aristotle may have proceeded, 
whether the reason a priori came before the sense percep- 
tion a posteriori or the other way round, it is enough that 
Aristotle, as he said many times, preferred sensible experi- 
ence to any argument. Besides, the strength of the argu- 
ments 4 priori has already been examined. 

Now, getting back to the subject, I say that things which 
are being and have been discovered in the heavens in our 
own time are such that they can give entire satisfaction to 
all philosophers, because just such events as we have been 
calling generations and corruptions have been seen and 
are being seen in particular bodies and in the whole ex- 
panse of heaven. Excellent astronomers have observed 
many comets generated and dissipated in places above the 
lunar orbit, besides the two new stars of 1572 and 1604, 
which were indisputably beyond all the planets. And on 
the face of the sun itself, with the aid of the telescope, they 
have seen produced and dissolved dense and dark matter, 
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appearing much like the clouds upon the earth; and many _ spots gen- 

of these are so vast as to exceed not only the Mediter- oe ae 
. ° . . e ssipate 

ranean Sea, but all of Africa, with Asia thrown in. Now, if 4, i ns 


Aristotle had seen these things, what do you think he of the sun. 


would have said and done, Simplicio? Sunspots 
S1tMpP. I do not know what would have been done or said _ bigger than 
all Asia and 


by Aristotle, who was the master of all science, but I know Africa. 
to some extent what his followers do and say, and what 
they ought to do and say in order not to remain without a 
guide, a leader, and a chief in philosophy. 
As to the comets, have not these modern astronomers 
who wanted to make them celestial been vanquished by the 
Anti- Tycho? Vanquished, moreover, by their own weapons; _Astron- 
that is, by means of parallaxes and of calculations turned °™ers re- 
, : ; futed by the 
about every which way, and finally concluding in favor of jnsi-Tycho. 
Aristotle that they are all elemental. A thing so fundamen- 
tal to the innovators having been destroyed, what more re- 
mains to keep them on their feet? 
SALV. Calm yourself, Simplicio. What does this modern 
author of yours say about the new stars of 1572 and 1604, 
and of the solar spots? As far as the comets are concerned 
I, for my part, care little whether they are generated below 
or above the moon, nor have I ever set much store by 
Tycho’s verbosity. Neither do I feel any reluctance to be- 
lieve that their matter is elemental, and that they may rise 
as they please without encountering any obstacle from the 
impenetrability of the Peripatetic heavens, which I hold to 
be far more tenuous, yielding, and subtle than our air. And 
as to the calculation of parallaxes, in the first place I doubt 
whether comets are subject to parallax; besides, the incon- 
stancy of the observations upon which they have been 
computed renders me equally suspicious of both his opin- 
ions and his adversary’s—the more so because it seems to 
me that the Azti- Tycho sometimes trims to its author’s taste The Anti- 
those observations which do not suit his purposes, or else 740 fits 
declares them to be erroneous. ee, 
SiMP. With regard to the new stars, the Avti-Tcho thor- tions to its 
oughly disposes of them in a few words, saying that such Sain 
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recent new stars are not positively known to be heavenly 
bodies, and that if its adversaries wish to prove any alter- 
ations and generations in the latter, they must show us mu- 
tations made in stars which have already been described 
for a long time and which are celestial objects beyond 
doubt. And this can never possibly be done. 

As to that material which some say is generated and dis- 
solved on the face of the sun, no mention is made of it at 
all, from which I should gather that the author takes it for 


a fable, or for an illusion of the telescope, or at best for 


some phenomenon produced by the air; in a word, for any- 
thing but celestial matter. 

SALY. But you, Simplicio, what have you thought of to 
reply to the opposition of these importunate spots which 
have come to disturb the heavens, and worse still, the Peri- 
patetic philosophy? It must be that you, as its intrepid de- 
fender, have found a reply and a solution which you should 
not deprive us of. 

Stmp. I have heard different opinions on this matter. Some 
say, “They are stars which, like Venus and Mercury, go 
about the sun in their proper orbits, and in passing under it 
present themselves to us as dark; and because there are 
many of them, they frequently happen to collect together, 
and then again to separate.” Others believe them to be fig- 
ments of the air; still others, illusions of the lenses; and 
still others, other things. But I am most inclined to be- 
lieve—yes, I think it certain—that they are a collection of 
various different opaque objects, coming together almost 
accidentally; and therefore we often see that in one spot 
there can be counted ten or more such tiny. bodies of ir- 
regular shape that look like snowflakes, or tufts of wool, or 
flying moths. They change places with each other, now 
separating and now congregating, but mostly right under 
the sun, about which, as their center, they move. But it is 
not therefore necessary to say that they are generated or 
decay. Rather, they are sometimes hidden behind the body 
of the sun; at other times, though far from it, they cannot 
be seen because of their proximity to its immeasurable 
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light. For in the sun’s eccentric sphere there is established 
a sort of onion composed of various folds, one within an- 
other, each being studded with certain little spots, and 
moving; and although their movements seem at first to be 
inconstant and irregular, nonetheless it is said to be ulti- 
mately observed that after a certain time the same spots 
are sure to return. This seems to me to be the most appro- 
priate expedient that has so far been found to account for 
such phenomena, and at the same time to maintain the in- 
corruptibility and ingenerability of the heavens. And if 
this is not enough, there are more brilliant intellects who 
will find better answers. 
SALV.-If what we are discussing were a point of law or of 
the humanities, in which neither true nor false exists, one 
might trust in subtlety of mind and readiness of tongue 
and in the greater experience of the writers, and expect 
him who excelled in those things to make his reasoning 
most plausible, and one might judge it to be the best. But in 
the natural sciences, whose conclusions are true and nec- 
essary and have nothing to do with human will, one must 
take care not to place oneself in the defense of error; for 
here a thousand Demostheneses and a thousand Aristotles 
would be left in the lurch by every mediocre wit who hap- 
pened to hit upon the truth for himself. Therefore, Sim- 
plicio, give up this idea and this hope of yours that there 
may be men so much more learned, erudite, and well-read 
than the rest of us as to be able to make that which is false 
become true in defiance of nature. And since among all 
opinions that have thus far been produced regarding the 
essence of sunspots, this one you have just explained ap- 
pears to you to be the correct one, it follows that all the rest 
are false. Now to free you also from that one—which is an 
utterly delusive chimera—I shall, disregarding the many 
improbabilities in it, convey to you but two observed facts 
against it. 

One is that many of these spots are seen to originate in 
the middle of the solar disc, and likewise many dissolve 
and vanish far from the edge of the sun, a necessary argu- 
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ment that they must be generated and dissolved. For with- 
out generation and corruption, they could appear there 
only by way of local motion, and they all ought to enter 
and leave by the very edge. 

‘The other observation, for those not in the rankest ig- 
norance of perspective, is that from the changes of shape 
observed in the spots, and from their apparent changes in 
velocity, one must infer that the spots are in contact with 
the sun’s body, and that, touching its surface, they are 
moved either with it or upon it, and in no sense revolve in 
circles distant from it. Their motion proves this by appear- 
ing to be very slow around the edge of the solar disc, and 
quite fast toward its center; the shapes of the spots prove 
the same by appearing very narrow around the sun’s edge 
in comparison with how they look in the vicinity of the 
center. For around the center they are seen in their majesty 
and as they really are; but around the edge, because of the 
curvature of the spherical surface, they show themselves 
foreshortened. These diminutions of both motion and 
shape, for anyone who knows how to observe them and 
calculate diligently, correspond exactly to what ought to 
appear if the spots are contiguous to the sun, and hope- 
lessly contradict their moving in distant circles, or even at 
small intervals from the solar body. This has been abun- 
dantly demonstrated by our mutual friend in his Letters to 
Mark Welser on the Solar Spots. It may be inferred from the 
same changes of shape that none of these are stars or other 
spherical bodies, because of all shapes only the sphere is 
never seen foreshortened, nor can it appear to be anything 
but perfectly round. So if any of the individual spots were 
a round body, as all stars are deemed to be, it would pre- 
sent the same roundness. in the middle of the sun’s disc as 
at the extreme edge, whereas they so much foreshorten 
and look so thin near that extremity, and are on the other 
hand so broad and long toward the center, as to. make it 
certain that these are flakes of little thickness or wn 
with respect to their length and breadth.. 

Then as to its being observed ultimately that the same 
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spots are sure to return after a certain period, do not be- 

lieve that, Simplicio; those who said that were trying to de- 

ceive you. That this is so, you may see from their having 

said nothing to you about those that are generated or dis- 

solved on the face of the sun far from the edge; nor told 

you a word about those which foreshorten, this being a 

necessary proof of their contiguity to the sun. The truth 

about the same spots returning is merely what is written in 

the said Letters; namely, that some of them are occasionally 

of such long duration that they do not disappear in a sin- 

gle revolution around the sun, which takes place in less 

than a month. 

Simp. To tell the truth, I have not made such long and 

careful observations that J can qualify as an authority on 

the facts of this matter; but certainly I wish to do so, and 

then to see whether I can once more succeed in reconcil- 

ing what experience presents to us with what Aristotle 

teaches. For obviously two truths cannot contradict one 

another. 

SALV. Whenever you wish to reconcile what your senses Because of 

show you with the soundest teachings of Aristotle, you their great 
é é distance the 

will have no trouble at all: Does not Aristotle say that be-  peavens 

cause of the great distance, celestial matters cannot be cannot be 

treated very definitely? - Pie ad 

Simp. He does say so, quite clearly. according 

SALV. Does he not also declare that what sensible experi-__ Aristotle. 

ence shows ought to be preferred over any argument, even — Senses pre- 

one that seems to be extremely well founded? And does he eal 

not say this positively and without a bit of hesitation? Aristotle. 

SIMP. He does. 

SALV. Then of the two propositions, both of them Aris- 

totelian doctrines, the second—which says it is necessary 

to prefer the senses over arguments—is a more solid and 

definite doctrine than the other, which holds the heavens 

to be inalterable. Therefore it is better Aristotelian philos- 

ophy to say, “Heaven is alterable because my senses tell me 

so,” than to say, “Heaven is inalterable because Aristotle 


was so persuaded by reasoning.” Add to this that we pos- 
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sess a better basis for reasoning about celestial things than 
Aristotle did. He admitted such perceptions to be very dif- 


“ficult for him by reason of the distance from his senses, and 


conceded that one whose senses could better represent 
them would be able to philosophize about them with more 
certainty. Now we, thanks to the telescope, have brought 
the heavens thirty or forty times closer to us than they 
were to Aristotle, so that we can discern many things in 
them that he could not see; among other things these 
sunspots, which were absolutely invisible to him. There- 
fore we can treat of the heavens and the sun more confi- 
dently than Aristotle could. 

SAGR. I can put myself in Simplicio’s place and see that 
he is deeply moved by the overwhelming force of these 
conclusive arguments. But seeing on the other hand the 
great authority that Aristotle has gained universally; con- 
sidering the number of famous interpreters who have 
toiled to explain his meanings; and observing that the 
other sciences, so useful and necessary to mankind, base a 
large part of their value and reputation upon Aristotle’s 
credit; Simplicio is confused and perplexed, and I seem to 
hear him say, “Who would there be to settle our controver- 
sies if Aristotle were to be deposed? What other author 
should we follow in the schools, the academies, the univer- 
sities? What philosopher has written the whole of natural 
philosophy, so well arranged, without omitting a single 
conclusion? Ought we to desert that structure under which 
so many travelers have recuperated? Should we destroy 
that haven, that Prytaneum where so many scholars have 
taken refuge so comfortably; where, without exposing 
themselves to the inclemencies of the air, they can acquire 
a complete knowledge of the universe by merely turning 
over a few pages? Should that fort be leveled where one 
may abide in safety against all enemy assaults?” 

I pity him no less than I should some fine gentleman 
who, having built a magnificent palace at great trouble and 
expense, employing hundreds and hundreds of artisans, 
and then beholding it threatened with ruin because of 
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poor foundations, should attempt, in order to avoid the 
grief of seeing the walls destroyed, adorned as they are 
with so many lovely murals; or the columns fall, which sus- 
tain the superb galleries, or the gilded beams; or the doors 
spoiled, or the pediments and the marble cornices, brought 
in at so much cost—should attempt, I say, to prevent the 
collapse with chains, props, iron bars, buttresses, and 
shores. 
SALV. Well, Simplicio need not yet fear any such collapse; 
I undertake to insure him against damage at a much 
smaller cost. There is no danger that such a multitude of | Itis the 
great, subtle, and wise philosophers will allow themselves Peripatetic 
5 philosophy 
to be overcome by one or two who bluster a bit. Rather, that is in- 
without even directing their pens against them, by means’ alterable. 
of silence alone, they place them in universal scorn and 
derision. It is vanity to imagine that one can introduce a 
new philosophy by refuting this or that author. It is neces- 
sary first to teach the reform of the human mind and to 
render it capable of distinguishing truth from falsehood, 
which only God can do. 
But where have we strayed, going from one argument to 
another? I shall not be able to get back to the path without 
guidance from your memory. 
Simp. I remember quite well. We were dealing with the 
reply of the Avti-Tycho to the objections against the im- 
mutability of the heavens. Among these you brought in 
this matter of the sunspots, not mentioned by its author, 
and I believe you wished to give consideration to his reply 
in the case of the new stars. 
SALV. Now I remember the rest. Continuing this subject, 
it seems to me that in the counterargument of the Amti- 
Tycho there are some things that ought to be criticized. 
First of all, if the two new stars, which that author can do 
no less than place in the highest regions of heaven, and 
which existed a long time and finally vanished, caused him 
no anxiety about insisting upon the inalterability of 
heaven simply because they were not unquestionably parts 
of heaven or mutations in the ancient stars, then to what 
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purpose does he make all this fuss and bother about getting 
the comets away from the celestial regions at all costs? 
Would it not have been enough for him to say that they are 
not unquestionably parts of heaven and not mutations in 
the ancient stars, and hence that they do not prejudice i in 
any way either the heavens or the doctrines of Aristotle? 

In the second place I am not satisfied about his state of 
mind when he admits that any alterations which might be 
made in the stars would be destructive of the celestial pre- 
rogatives of incorruptibility, etc., since the stars are celes- 
tial things, as is obvious and as everybody admits, and 
when on the other hand he is not the least perturbed if the 
same alterations take place elsewhere in the expanse of 
heaven outside the stars themselves. Does he perhaps 
mean to imply that heaven is not a celestial thing? I should 
think that the stars were called celestial things because of 
their being in the heavens, or because of their being made 
of heavenly material, and that therefore the heavens 
would be even more celestial than they; I could not say 
similarly that anything was more terrestrial than earth it- 
self, or more igneous than fire. 

Next, his not having made mention of the sunspots, 
which are conclusively proved to be produced and dis- 
solved and to be situated next to the body of the sun and to 
revolve with it or in relation to it, gives me a good indica- 
tion that this author may write more for the comforting of 
others than from his own convictions. I say this because he 
shows himself to be acquainted with mathematics, and it 
would be impossible for him not to be convinced by the 
proofs that such material is necessarily contiguous to the 
sun and undergoes generations and dissolutions so great 
that nothing of comparable size has ever occurred on 
earth. And if the generations and corruptions occurring on 
the very globe of the sun are so many, so great, and so fre- 
quent, while this can reasonably be called the noblest part 
of the heavens, then what argument remains that can dis- 
suade us from believing that others take place on the other 
globes? 
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SAGR. I cannot without great astonishment—I might say 
without great insult to my intelligence—hear it attributed 
as a prime perfection and nobility of the natural and inte- 
gral bodies of the universe that they are invariant, im- 
mutable, inalterable, etc., while on the other hand it is 
called a great imperfection to be alterable, generable, mu- 
table, etc. For my part I consider the earth very noble and 
admirable precisely because of the diverse alterations, 
changes, generations, etc. that occur in it incessantly. If, not 
being subject to any changes, it were a vast desert of sand 
or a mountain of jasper, or if at the time of the flood the 
waters which covered it had frozen, and it had remained an 
enormous globe of ice where nothing was ever born or 
ever altered or changed, I should deem it a useless lump in 
the universe, devoid of activity and, in a word, superfluous 
and essentially nonexistent. This is exactly the difference 
between a living animal and a dead one; and J say the same 
of the moon, of Jupiter, and of all other world globes. 
The deeper I go in considering the vanities of popular 
reasoning, the lighter and more foolish I find them. What 
greater stupidity can be imagined than that of calling jew- 
els, silver, and gold “precious,” and earth and soil “base”? 
People who do this ought to remember that if there were 
as great a scarcity of soil as of jewels or precious metals, 
there would not be a prince who would not spend a bushel 
of diamonds and rubies and a cartload of gold just to have 
enough earth to plant a jasmine tn a little pot, or to sow an 
orange seed and watch it sprout, grow, and produce its 
handsome leaves, its fragrant flowers, and fine fruit. It is 
scarcity and plenty that make the vulgar take things to be 
precious or worthless; they call a diamond very beautiful 
because it is like pure water, and then would not exchange 
one for ten barrels of water. Those who so greatly exalt in- 
corruptibility, inalterability, etc. are reduced to talking this 
way, I believe, by their great desire to go on living, and by 
the terror they have of death. They do not reflect that if 
men were immortal, they themselves would never have 
come into the world. Such men really deserve to en- 
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counter a Medusa’s head which would transmute them 
into statues of jasper or of diamond, and thus make them 
more perfect than they are. 

SALV. Maybe such a metamorphosis would not be entirely 
to their disadvantage, for I think it would be better for 
them not to argue than to argue on the wrong side. 

S1Mp. Oh, there is no doubt whatever that the earth is 
more perfect the way it is, being alterable, changeable, etc., 
than it would be if it were a mass of stone or even a solid 
diamond, and extremely hard and invariant. But to the ex- 
tent that these conditions bring nobility to the earth, they 
would render less perfect the celestial bodies, in which 
they would be superfluous. For the celestial bodies—that 
is, the sun, the moon, and the other stars, which are or- 
dained to have no other use than that of service to the 
earth—need nothing more than motion and light to 
achieve their end. | 

SAGR. Has nature, then, produced and directed all these 
enormous, perfect, and most noble celestial bodies, invari- 
ant, eternal, and divine, for no other purpose than to serve 
the changeable, transitory, and mortal earth? To serve that 
which you call the dregs of the universe, the sink of all un- 
cleanness? Now to what purpose would the celestial bod- 
ies be made eternal, etc. in order to serve something 
transitory, etc.? Take away this purpose of serving the 
earth, and the innumerable host of celestial bodies is left 
useless and superfluous, ‘since they have not and cannot 
have any reciprocal activities among themselves, all of 
them being inalterable, immutable, and invariant. For in- 
stance, if the moon is invariant, how would you have the 
sun or any other star act upon it? The action would doubt- 
less have no more effect than an attempt to melt a large 
mass of gold by looking at it or by thinking about it. Be- 
sides, it seems to me that at such times as the celestial bod- 
ies are contributing to the generations and alterations on 
the earth, they too must be alterable. Otherwise I do not 
see how the influence of the moon or sun in causing gen- 
erations on the earth would differ from placing a marble 
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statue beside a woman and expecting children from such a 

union. i 

S1MP. Corrupubility, alteration, mutation, etc. do not per- 

tain to the whole terrestrial globe, which as to its entirety 

is no less eternal than the sun or moon. But as to its exter- _Alterability 
nal parts it is generable and corruptible, and it is certainly Be ni the 
true that generations and corruptions are perpetual in be 
those parts, and, as perpetual, that they require celestial globe, but 
and eternal operations. Therefore it is necessary that ce- Some 
lestial bodies be eternal. a 
SAGR. This is all very well, but if there is nothing preju- 

dicial to the immortality of the entire terrestrial globe in 

the corruptibility of its superficial parts, and if this gener- 

ability, corruptibility, alterability, etc. give to it a great or- 

nament and perfection, then why can you not and should 

you not likewise admit alterations, generations, etc. in the 

external parts of the celestial globes, adding these as an or- Celestial 
nament without diminishing their perfection or depriving city 
them of actions; even increasing those by making them their exter- 
operative not only upon the earth but reciprocally among _ nal parts. 
themselves, and the earth also upon them? 

Simp. This cannot be, because the generations, mutations, 

etc. which would occur, say, on the moon, would be vain 

and useless, and natura nihil frustra facit. 

SAGR. And why should they be vain and useless? 

SIMP. Because we plainly see and feel that all genera- 

tions, changes, etc. that occur on earth are either directly 

or indirectly designed for the use, comfort, and benefit of 

man. Horses are born to accommodate men; for the nutri- 

ment of horses, the earth produces hay and the clouds 

water it. For the comfort and nourishment of men are cre- 

ated herbs, cereals, fruits, beasts, birds, and fishes. In brief, All genera- 
if we proceed to examine and weigh carefully all these ‘onsand 

: ; . changes 
things, we shall find that the goal toward which all are di- grade on 
rected is the need, the use, the comfort and the delight of earth are 
men. Now of what use to the human race could genera- pe eS 
tions ever be which might happen on the moon or other mankind. 
planets? Unless you mean that there are men also on the : 
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ferent from 


ours. 


moon who enjoy their fruits; an idea which if not mythi- 
cal is impious. 

SaGR. I do not know nor do I suppose that herbs or plants 
or animals similar to ours are propagated on the moon, or 
that rains and winds and thunderstorms occur there as on 
the earth; much less that it is inhabited by men. Yet I still 
do not see that it necessarily follows that since things sim- 
ilar to ours are not generated there, no alterations at all 
take place, or that there cannot be things there that do 
change or are generated and dissolve; things not only dif- 
ferent from ours, but so far from our conceptions as to be 
entirely unimaginable by us. 

J am certain that a person born and raised in a huge for- 
est among wild beasts and birds, and knowing nothing of 
the watery element, would never be able to frame in his 
imagination another world existing in nature differing 
from his, filled with animals which would travel without 
legs or fast-beating wings, and not upon its surface alone 
like beasts upon the earth, but everywhere within its 
depths, and not only moving, but stopping motionless 
wherever they pleased, a thing which birds in the air can- 
not do. And that men lived there too, and built palaces and 
cities, and traveled with such ease that without tiring 
themselves at all they could proceed to far countries with 
their families and households and whole cities. Now as | 
say, | am sure that such a man could not, even with the 
liveliest imagination, ever picture to himself fishes, the 
ocean, ships, fleets, and armadas. Thus, and more so, might 
it happen that in the moon, separated from us by so much 
greater an interval and made of materials perhaps much 
different from those on earth, substances exist and actions 
occur which are not merely remote from but completely 
beyond all our imaginings, lacking any resemblance to 
ours and therefore being entirely unthinkable. For that 
which we imagine must be either something already seen 
or a composite of things and parts of things seen at differ- 
ent times; such are sphinxes, sirens, chimeras, centaurs, etc. 
SALV. Many times have I given rein to my fancies about 
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these things, and my conclusion is that it is indeed possible 
to discover some things that do not and cannot exist on the 
moon, but none which I believe can be and are there, ex- 
cept very generally; that is, things occupying it, acting and 
moving in it, perhaps in a very different way from ours, 
seeing and admiring the grandeur and beauty of the uni- 
verse and of its Maker and Director and continually 
singing encomiums in His praise. I mean, in a word, doing 
what is so frequently decreed in the Holy Scriptures, 
namely, a perpetual occupation of all creatures in praising 
God. 

SAGR. These are among the things which, speaking very 
generally, could be there. But I should like to hear you 
mention those which you believe cannot be there, as it 
must be possible for you to name them more specifically. 
SALV. I warn you, Sagredo, that this will be the third time 
we have thus strayed imperceptibly, step by step, from our 
principal topic, and we shall get to the point of our argu- 
ment but slowly if we make digressions. Therefore it will 
perhaps be good if we defer this matter, along with others 
we have agreed to put off until a special session. 

SAGR. Please, now that we are on the moon, let us go on 
with things that pertain to it, so that we shall not have to 
make another trip over so long a road. 

SALV. As you wish. To begin with the most general things, 
I believe that the lunar globe is very different from the ter- 
restrial, although in some points conformity is to be seen. I 
shall speak first of their resemblances and then of differ- 
ences. 

The moon certainly agrees with the earth in its shape, . First agree- 
which is indubitably spherical. This follows necessarily ee 
from its disc being seen perfectly circular, and from the jnoon and 
manner of its receiving light from the sun. For if its surface — the earth, 
were flat, it would all become covered with light at once, — 
and likewise would all be deprived of light in an instant; . proved by 
not first the part directed toward the sun and then succes- the way itis 
: : . lighted by 
sively the following parts, so that the whole apparent disc tne sun, 

is illuminated at opposition but not before. And on the 
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Fourth, the 
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other hand the contrary would occur if the visible surface 
were concave; that is, illumination would commence at the 
part opposite to the sun. 

In the second place, it is itself dark and opaque like the 
earth, by which opacity it is fitted to receive and reflect the 
light of the-sun; for if it were not so, it could not do this. 

Third, I hold its material to be very dense and solid, no 
less than the earth’s, of which a sufficiently clear proof to 
me is the unevenness of the major parts of its surface, evi- 
denced by the many prominences and cavities revealed by 
the aid of the telescope. The prominences there are 
mainly very similar to our most rugged and steepest 
mountains, and some of them are seen to be drawn out in 
long tracts of hundreds of miles. Others are in more com- 
pact groups, and there aré also many detached and solitary 
rocks, precipitous and craggy. But what occur most fre- 
quently there are certain ridges (argini) (I shall use this 
word because no more descriptive one occurs to me), 
somewhat raised, which surround and enclose plains of 
different sizes and various shapes, but for the most part cir- 
cular. In the middle of many of these there is a mountain 
in sharp relief, and some few are filled with a rather dark 
substance similar to that of the large spots that are seen 
with the naked eye; these are the largest ones, and there are 
a very great number of smaller ones, almost all of them 
circular. 

Fourth, just as the surface of our globe is divided into 
two chief parts—the land and the sea—-so in the lunar disc 
we see a sharp distinction between the brighter areas and 
the less bright. I believe that the appearance of the earth il- 
luminated by the sun would be very similar to this for one 
who could see it from the moon or from some similar dis- 
tance, and that the surface of the seas would appear darker, 
and that of the land brighter. 

Fifth, as from the earth we see the moon now com- 
pletely lighted, now half, now more, now less, sometimes 
sickle-shaped and sometimes completely invisible (that is, 
when it is beneath the sun’s rays so that the part which 
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faces the earth remains darkened), just so would the illu- _ Fifth, the 
mination made by the sun on the face of the earth be seen ¢arth’s 
from the moon, with precisely the same period and the Pont 
same alterations of shape. Sixth, ... lar to those 
SAGR. Hold on a minute, Salviati. I understand perfectly pda = 
well that for anyone on the moon the illumination of the made with 
earth would be similar, in its various shapes, to that which the same 
we discover in the moon. But I am not yet satisfied that this iia 
would appear to take place in the same period, seeing that 

what the sun’s illumination does on the lunar surface in a 

month, it does on that of the earth in twenty-four hours. 

SALV. It is true that the effect of the sun, as to the illumi- 

nation of these two bodies and the touching of their sur- 

faces with its splendor, hastens over the earth in a day and 

takes a month on the moon. But the variations of shape 

under which the illuminated parts of the earth’s surface 

would be seen from the moon do not depend upon this 

alone, but upon the various changing relations that the 

moon has with the sun. Thus, for example, if the moon 

should exactly follow the motion of the sun, and always 

happen to stand in line between it and the earth in that re- 

lation which we call conjunction, forever looking toward 

the same hemisphere of the earth which the sun faced, all 

of this would be seen perpetually lighted. On the other 

hand, if the moon remained always in opposition to the 

sun, it would never see the earth, of which the part contin- 

ually turned toward the moon would be dark and therefore 

invisible. But when the moon is in quadrature with the sun, 

that half of the earth’s hemisphere exposed to the view of 

the moon which is toward the sun is luminous, and the 

other turned away from the sun is dark; and therefore the 

lighted part of the earth would show itself to the moon in 

a semicircular shape. 

SAGR. I am completely convinced. I now understand very 

well that, as the moon leaves opposition to the sun, from 

which position it sees nothing of the lighted part of the 

earth’s surface, and approaches day by day toward the sun, 

it commences little by little to discover some small portion 
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of the illuminated face of the earth, which it sees in the 
shape of a thin sickle because of the earth being round. 
The moon, getting closer day by day to the sun in virtue of 
its motion, progressively discovers always more of the 
lighted hemisphere of the earth, so that at quadrature ex- 
actly half is revealed, just as we see the same amount of it. 
As it continues to approach conjunction, greater parts of 
the illuminated surface are revealed, and finally at con- 
junction the entire hemisphere appears luminous. To sum 
up, I understand quite well that whatever happens for the 
inhabitants of the earth in seeing the phases of the moon is 
what would happen for anyone seeing the earth from the 
moon, but in reverse order. That is, when for us the moon 
is full and in opposition to the sun, to him the earth would 
be in conjunction with the sun and completely dark and 
invisible; conversely, that state which to us is conjunction 
of the moon with the sun, and therefore new moon, would 
to him be opposition of the earth to the sun, and, so to 
speak, “full earth,” that is, all lighted. And finally, whatever 
proportion of the moon’s surface looks lighted to us at any 
time, just that proportion of the earth would look dark 
from the moon at the same time, and just as much of the 
moon would remain deprived of light for us as would ap- 
pear lighted on the earth as seen from the moon. So that 
only in quadrature do we see a half circle of the moon 
lighted, and he that much of the earth. These reciprocal 
operations seem to me to differ in one respect, however. 
Assuming for the sake of the argument that there is some- 
one on the moon who can see the earth, he will see the en- 
tire surface of the earth every day, by virtue of the moon’s 
motion with respect to the earth every twenty-four or 
twenty-five hours. But we shall never see more than half 
the moon, since it makes no revolution of its own, as it 
would have to do for all of it to show itself. 

SALV. Provided that the very opposite is not implied, 
namely, that its own rotation is the reason that we do not 
see the other side—for such would have to be the case if 
the moon should have an epicycle. But why do you leave 
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out a certain other difference, a counterpart to this one 
you put forward? ; 
SAGR. And what is that? I have no other in mind at the 
moment. ' 

SALV. It is that if the earth (as you have noted well) sees 
no more than half the moon, whereas from the moon the 
whole earth may be seen, still on the other hand all the 
earth sees the moon, while only one half of the moon sees 
the earth. For the inhabitants of the upper half of the 
moon, so to speak, which is invisible to us, are deprived of 
any view of the earth; maybe these are the Contraterrenes. 
But here I happen to remember a specific event newly ob- 
served on the moon by our Academic friend, by means of 
which two necessary consequences may be inferred. One is 
that we do see somewhat more than half the moon, and the 
other is that the moon’s motion bears an exact relation to 
the center of the earth. And what he observed was as fol- 
lows. 

If the moon did have a natural agreement and corre- 
spondence with the earth, facing it with some very definite 
part, then the straight line which joins their centers would 
always have to pass through the same point on the surface 
of the moon, so that anyone looking from the center of the 
earth would always see the same lunar disc bounded by ex- 
actly the same circumference. But for anyone located on 
the earth’s surface, the rays passing from his eyes to the 
center of the moon’s globe would not pass through that 
very point on its surface through which passes the line 
drawn from the center of the earth to the center of the 
moon, unless the latter were directly overhead. Hence 
when the moon is to the east or west, the point of inci- 
dence of the visual rays is above that of the line connect- 
ing the centers, and therefore some part of the edge of the 
moon’s hemisphere is revealed, and a similar section hid- 
den on the under side; I mean “revealed” and “hidden” 
with respect to that hemisphere which would be seen from 
the exact center of the earth. And since that part of the 
moon’s circumference which is on top at rising is under- 
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neath at setting, the difference in appearance of these 
upper and lower parts ought to be noticeable enough be- 
cause of various spots or markings on those parts being 


_ first revealed and then hidden. A similar variation should 


be observable also at the northern and southern extremi- 
ties of the same disc, according as the moon is at its most 
southerly or most northerly point along the meridian. 
When it is northerly, some of its northern parts are hidden 
and the southern revealed, and vice versa. 

Now the telescope has made it certain that this conclu- 
sion is in fact verified. For there are two special markings 
on the moon, one of which is seen to the northwest when 
the moon is on the meridian, and the other almost diamet- 
rically opposite. The former is visible even without a tele- 
scope, but not the latter. The one toward the northwest is a 
small oval spot separated from three larger ones. The op- 
posite one is smaller, and likewise stands apart from larger 
marks in a sufficiently clear field. In both of these the vari- 
ation mentioned already is quite clearly observed; they are 


_ seen opposite to one another, now close to the edge of the 


lunar disc and now farther away. The difference is such 
that the distance between the northwesterly spot and the 
edge of the disc is at one time more than twice what it is at 
another. As to the other spot, being much closer to the 
edge of the disc, the change is more than threefold from 
one time to the other. From which it is obvious that the 
moon, as if drawn by a magnetic force, faces the earth con- 
stantly with one surface and never deviates in this regard. 
SAGR. Will the new observations and discoveries made 
with this admirable instrument never cease? 

SALV. If its progress follows the course of other great in- 
ventions, one may hope that in time things will be seen 
which we cannot even imagine at present. 

To get back to our original discussion, I state that the 
sixth agreement between the moon and the earth is that 
just as the moon supplies us with the light we lack from the 
sun a great part of the time, and by reflection of its rays 
makes the nights fairly bright, so the earth repays it by re- 
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. flecting the solar rays when the moon most needs them, 
giving a very strong illumination—as much greater than 
what the moon gives us, it would seem to me, as the surface 
of the earth is greater than that of the moon. 

SAGR. Stop there, Salviati, and allow me the pleasure of 
showing you how from just this first hint I have seen 
through the cause of an event which I have thought about 
a thousand times without ever getting to the bottom 
of it. 

You mean that a certain baffling light which is seen on _ Light is re- 
the moon, especially when it is horned, comes from the re- flected from 
flection of the sun’s light from the surface of the earth and - ae 
the sea; and this light is seen most clearly when the horns 
are the thinnest. For at that time the luminous part of the 
earth that is seen from the moon is greatest, in accordance 
with your conclusion a little while ago that the luminous 
part of the earth shown to the moon is always as great as 
the dark part of the moon which is turned toward the 
earth. Hence when the moon is thinly horned and conse- 
quently in large part shadowy, the illuminated part of the 
earth seen from the moon is large, and so much the more 
powerful is its reflection of light. 

SALV. That is exactly what I meant. Really, it is a great 
pleasure to talk with discriminating and perceptive per- 
sons, especially when people are progressing and reason- 
ing from one truth to another. For my part I more often 
encounter heads so thick that when I have repeated a 
thousand times what you have just seen immediately for 
yourself, I never manage to get it through them. 

Simp. If you mean being unable to show them so that they 
understand it, that is a great surprise to me; I am sure that 
if they did not understand it from your explanation they 
would not understand it from anyone’s, since yours seems 
to me very clear in its expression. But if you mean not hav- 
ing persuaded them so that they believe it, I am not at all 
surprised, for J] must confess myself one of those who un- 
derstand your reasoning without being satisfied by it. For 
me, there remain many difficulties in this and in parts of 
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others of your six analogies which I shall propound when 
you are through presenting the rest. 

SALV. I shall be brief, then, and hurry through the rest be- 
cause of my desire to discover any truth whatever, in 
which the objections of an intelligent man like yourself 
can assist me very much. 

The seventh resemblance, then, is their reciprocal reac- 
tion to injuries as well as to favors. Just as the moon, at the 
height of its illumination, is often deprived of light and 
eclipsed by the interposition of the earth between it and the 
sun, so in retribution it interposes itself between the earth 
and the sun, and with its shadow darkens the earth. Though 
indeed the revenge is not equal to the offense, for fre- 
quently the moon remains immersed totally and for rather 
a long time in the shadow of the earth, but the earth is never 
darkened by the moon completely or for long. Still, consid- 
ering the smallness in size of the moon in comparison with 
the immensity of the sun, one may surely say that in a cer- 
tain sense the moon’s valor and spirit are commendable. 

- So much for the resemblances. Discussion of the differ- 
ences should follow now, but since Simplicio wants to 
‘favor us with his doubts against the above, it would be good 
to hear them and consider them before going on. 

SAGR. Yes indeed, because probably Simplicio will not 
have any misgivings about the differences and disparities 
between the earth and the moon, since he already consid- 
ers their substances quite different. 

Simp. Of the resemblances you have set forth in order to 
draw a parallel between the earth and the moon, I find that 
I can admit without misgivings only the first one and a 
couple of others. I admit the first, that is, the spherical 
shape, though even in this there is a difficulty; for I con- 
sider the moon’s sphere to be as smooth and polished as a 
mirror, whereas that of this earth that we touch with our 
hands is very rough and rugged. But this matter of the ir- 
regularity of the surface comes considerably into one of 
the other correspondences you have set forth, and so I re- 
serve what I have to say until we get to that. 


The First Day - 79 


That the moon 1s opaque and dark in itself, as you say in 
your second analogy, I admit only as to the first attribute of 
opacity, which the solar eclipses assure me of. For if the 
moon were transparent, the sky would not become as dark 
as it does in a total eclipse of the sun. Transparency of the 
lunar globe would permit a refracted light to pass through 
as do the densest clouds. But as to the darkness, I do not 
believe that the moon is entirely without light, like the Secondary 
earth. On the contrary, that brightness which is observed _ light con- 

: : : : : sidered the 
on the balance of its disc outside of the thin horns lighted _jaoon’s own. 
by the sun I take to be its own natural light; not a reflection Earth pow- 
from the earth, which is incapable of reflecting the sun’s me a 
rays by reason of its extreme roughness and darkness. sun’s rays. 

In your third parallel, | agree with you in one part and 
disagree in another. I concur in judging the body of the 
moon to be very solid and hard like the earth’s. Even more 
so, for if from Aristotle we take it that the heavens are of Celestial 


impenetrable hardness and the stars are the denser parts of ™aterial 


‘ impenetra- 
the heavens, then it must be that they are extremely solid ble, ee 
and most impenetrable. ing to 

Aristotle. 


SAGR. What excellent stuff, the sky, for anyone who could 
get hold of it for building a palace! So hard, and yet so 
transparent! 
SALV. Rather, what terrible stuff, being completely invisi- 
ble because of its extreme transparency. One could not 
move about the rooms without grave danger of running 
into the doorposts and breaking one’s head. 
SAGR. There would be no such danger if, as some of the Celestial 
Peripatetics say, it is intangible; it cannot even be touched, ca 2 
let alone bumped into. a 
SALV. That would. be no comfort, inasmuch as celestial 
material, though indeed it cannot be touched (on account 
of lacking the tangible quality), may very well touch ele- 
mental bodies; and by striking upon us it would injure us as 
much, and more, as it would if we had run against it. 

But let us forsake these palaces, or more appropriately 
these castles in the air, and not hinder Simplicio. 
SIMP. The question you have thus so casually raised has a 
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place among the: difficulties treated in philosophy, and I 
have heard upon this subject the very beautiful thoughts of 
a great professor at Padua. But this is no time to go into 
that. 

Back to our purpose. I reply that I consider the moon 
more solid than the earth, not for the reason you already 
gave, of the roughness and ruggedness of its surface, but 
on the contrary from its being suited to receive a polish 
and a lustre superior to that of the smoothest mirror, as ob- 
served in the hardest stones on earth. For thus must be its 
surface in order to make such a vivid reflection of the sun’s 
rays. The appearances you speak of, the mountains, rocks, 
ridges, valleys, etc., are all illusions. I have heard it strongly 
maintained in public debates against these innovators that 
such appearances belong merely to the unevenly dark and 
light parts of which the moon is composed inside and out. 
We see the same thing eccur in crystal, amber, and many 
perfectly polished precious stones, where, from the opac- 
ity of some parts and the transparency of others, various 
concavities and prominences appear to be present. 

In the fourth analogy I concede that the surface of the 
terrestrial globe, seen from a distance, would have two dif- 
ferent appearances, one lighter and the other darker, but I 
consider that the differences would fall out in reverse of 
what you say. I believe that the surface of the water would 
appear shining because it is smooth and transparent, while 
that of the land would remain dark by reason of its opac- 
ity and roughness, these being badly suited for the reflec- 
tion of sunlight. 

Concerning the fifth comparison, I admit it entirely, and 
am convinced that if the earth did shine like the moon it 
would show itself to anyone who saw it from there under a 
form similar to that which we see in the moon. I under- 
stand also how the period of its illumination and variation 
of shape would be one month, although the sun circles it 
every twenty-four hours. And finally I have no trouble 
granting that only half the moon sees all the earth, while 
all the earth sees only half the moon. 
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_ In the sixth comparison, I think it most false that the 
moon can receive light from the earth, which is completely 
dark, opaque, and unfit to reflect sunlight as the moon re- 
flects it so well to us. And as J have said, I consider the light 
which is seen over the rest of the face of the moon (outside 
the horns brightly illuminated by the sun) to be the moon’s 
own proper and natural light, and it would be quite a feat 

“to make me think otherwise. 

The seventh, of mutual eclipses, I can also admit, al- 
though properly speaking it is customary to call that an 

.eclipse of the sun which you want to call an eclipse of the 
earth. 

This is all that occurs to me at present to say to you in 
refutation of the seven resemblances. If it pleases you to 
reply in any way to these points, I shall be glad to listen. 
SALV. If I have rightly understood so far as you have an- 
swered, it seems to me that there remain in dispute be- 
tween you and me certain properties which I have made 
common to the moon and the earth, and they are these: 
You consider the moon to be as polished and smooth as a 
mirror and, as such, fitted to reflect the sunlight, and the 
earth, on the other hand, because of its roughness, as hav- 
ing no power to make a similar reflection. You concede the 
moon to be solid and hard; you deduce this from its being 
polished and smooth, and not from its being mountainous. 
As to its appearing mountainous, you assign as a cause its 
parts being more and less opaque and clear. And finally 

_ you believe that the secondary light of the moon is its own, 
and not reflected from the earth—although it seems that 
you do not deny some reflection from our seas, which are - 
smooth of surface. 

I have little hope of removing your error that the re- 
flection of the moon is made in the manner of a mirror, 
seeing that for this purpose the reading of // Saggiatore and 
the Lettere Solari of our mutual friend has had no effect 
upon your ideas; if, indeed, you have carefully read what 
has been written on the subject in those places. 

Simp. I have perused it rather superficially, as permitted 
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by the little leisure left to me from more solid studies. So if 
you think my difficulties may be resolved by going over 

some of that reasoning or by adducing other proofs, I shall 

listen attentively. 

SALV. I shall say what comes to my mind at the moment, 

possibly a mixture of my own ideas and what I read in 

those books; I remember that I was entirely convinced by 

them, although at first their conclusions seemed very para- 
doxical to me. 

We are inquiring, Simplicio, whether in order to pro- 
duce a reflection of light similar to that which comes to us. 
from the moon, it is necessary that the surface from which 
the reflection comes shall be as smooth and polished as a 
mirror, or whether a rough and ill-polished surface, nei- 
ther smooth nor shiny, may not be better suited. Now if 
two reflections should come to us, one brighter than the 
other, from two surfaces situated opposite to us,-I ask you 
which of the two surfaces you believe would look the 
lighter to our eyes, and which the darker? 

StMP. I think without any doubt that the surface which re- 
flected the light more brilliantly would look lighter to me, 
and the other darker. 

SALV. Now please take that mirror which is hanging on 
the wall, and let us go out into that court; come with us, 
Sagredo. Hang the mirror on that wall, there, where the 
sun strikes it. Now let us withdraw into the shade. Now, 
there you see two surfaces struck by the sun, the wall and 
the mirror. Which looks brighter to you; the wall, or the | 
mirror? What, no answer? 

SAGR. I am going to let Simplicio answer; he is the one 
who is experiencing the difficulty. For my part, from this 
small beginning of an experiment I am persuaded that the - 
moon must indeed have a very badly polished surface. 
SALV. Tell me, Simplicio; if you had to paint a picture of 
that wall with the mirror hanging on it, where would you 
use the darkest colors? In depicting the wall or the mirror? 
S1MP. Much darker in depicting the mirror. 

SALV. Now if the most powerful reflection of light comes 
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from the surface that looks brightest, the wall here would 
be reflecting the rays of the sun more vividly than the 
mirror. 

Simp. Very clever, my dear sir; and is this the best experi- 
ment you have to offer? You have placed us where the re- 
flection from the mirror does not strike. But come with me 
a bit this way; no, come along. 

SAGR. Perhaps you are looking for the place where the 
mirror throws its reflection? 

SIMP. Yes, sir! 

SAGR. Well, just look at it—there on the opposite wall, 
exactly as large as the mirror, and little less bright than it 
would be if the sun shone there directly. 

Simp. Come along, then, and look at the surface of the 
mirror from there, and then tell me whether I should say it 
is darker than that of the wall. 

SAGR. Look at it yourself; I am not anxious to be blinded, 
and I know perfectly well without looking that it looks as 
bright and vivid as the sun itself, or little less so. 

Simp. Well, then, what do you say? Is the reflection from a 
mirror less powerful than that from a wall? I notice that on 
this opposite wall, which receives the reflection from the 
illuminated wall along with that of the mirror, the reflec- 
tion from the mirror is much the brighter. And I see like- 
wise that from here the mirror itself looks very much 
brighter to me than the wall. 

SALV. You have got ahead of me by your perspicacity, for 
this was the very observation which I needed for explaining 
the rest. You see the difference, then, between the reflec- 
tions made by the surface of the wall and that of the mir- 
ror, which are struck in exactly the same way by the sun’s 
rays. You see how the reflection that comes from the wall 
diffuses itself over all the points opposite to it, while that 
from the mirror goes to a single place no larger than the 
mirror itself. You see likewise how the surface of the wall 
always looks equally light in itself, no matter from what 
place you observe it, and somewhat lighter than that of the 
mirror from every place except that small area where the 
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reflection from the mirror strikes; from there, the mirror 
appears very much brighter than the wall. From this sensi- 
ble and palpable experiment it seems to me that you can 
very readily decide whether the reflection which comes 
here from the moon comes like that from a mirror, or like 
that from a wall; that is, whether from a smooth or a rough 
surface. 

SAGR. If I were on the moon itself I do not believe that I 
could touch the roughness of its surface with my hand 
more definitely than I now perceive it by understanding 
your argument. The moon, seen in any position with re-_ 
spect to the sun and to us, always shows the surface ex- 
posed to the sun equally bright. This effect corresponds 
precisely with that of the wall, which seen from any place 
appears equally bright; it Conflicts with that of the mirror, 
which from one place alone looks luminous and from all 
others dark. Besides, the light that comes to me from the 
reflection of the wall is weak and tolerable in comparison 
with that from the mirror, which is extremely strong and 
little less offensive to the eyes than the primary and direct 
rays of the sun. It is in ust such a way that we can calmly 
contemplate the face. of the moon. If that were like a mir- 
ror, appearing as large as the sun because of its closeness, 
it would be of an absolutely intolerable brilliance, and 
would seem to us almost as if we were looking at another 
sun. 

SALV. Please, Sagredo, do not attribute to my demonstra- 
tion more than belongs to it. I am about to confront you 
with a fact that I think you will find not so easy to explain. 
You take it as a great difference between the moon and the 
mirror that the former yields its reflections equally in all . 
directions, as the wall does, while the mirror sends its re- 
flection to one definite place alone, From this, you con- 
clude that the moon is like the wall and not like the mirror. 
But I tell you that this mirror sends its reflection to one 
place alone because its surface is flat, and since reflected 
rays myst leave at equal angles with incident rays, they 
have to leave a plane surface as a unit toward one place. 
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But the surface of the moon is not flat, it is spherical; and Plane mir- 
the rays incident upon such a surface are found to be re- rs throw 
flected in all directions at angles equal to those of inci- a 
dence, because of the infinity of slopes which make up a_ place, but 
spherical surface. Therefore the moon can send its reflec- sepa! 
tions everywhere and need not send them all to a single ail places. 
place like those of a plane mirror. 
SIMP. This is exactly one of the objections which I wanted 
to make. . 
SAGR. If itis one of them, then you must have others; but 
let me tell you that so far as this first one is concerned, it 
seems to me to be not so much for you as against you. 
SIMP. You have called it obvious that the reflection made 
by that wall is as bright and luminous as that of the moon, 
whereas [ think it trifling in comparison with the moon’s. 
For “in this matter of illumination, one must look for and _ Sphere of 
define the sphere of activity.” Who doubts that celestial was 
bodies have greater spheres of activity than our transitory eal ; 
mortal elements? And as to that wall, is it after all anything than for 
more than a bit of earth; dark, and unfit to illumine? rw 
SAGR. Here again I believe that you are quite mistaken. 
But I return to the first point raised by Salviati, and I tell 
you that in order to make an object appear luminous, it is 
not sufficient for the rays of the illuminating body to fall 
upon it; it is also necessary for the reflected rays to get to 
our eyes. This is to be clearly seen in the case of the mir- 
ror, upon which no doubt the rays of the sun are falling, 
but which nevertheless does not appear to be bright and il- 
luminated unless we put our eyes in the particular place 
where the reflection is going. 

Let us consider this in regard to what would happen if 
the mirror had a spherical surface. Unquestionably we 
should find that of the whole reflection made by the illu- 
minated surface, only a small part would reach the eyes of 
a particular observer, there being only the very least possi- 
ble part of the entire surface which would have the correct 
slope to reflect the rays to the particular location of his 
eyes. Hence only the least part of the spherical surface 
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would shine for his eyes, all the rest looking dark. If then 
the moon were smooth as a mirror, only a very small part 
would show itself to the eyes of a particular person as illu- 
minated by the sun, although an entire hemisphere would 
be exposed to the sun’s rays. The rest would remain, to this 
observer's eyes, unilluminated and therefore invisible. To 
conclude, the whole moon would be invisible, since that 
particle which gave the reflection would be lost by reason 
of its smallness and great distance. And just as the moon 
would remain invisible to the eyes, so its illumination 
would remain nil; for it is indeed impossible that a lumi- 
nous body should by its splendor take away our darkness, 
and we be unable to see it. 

SALV. Wait a minute, Sagredo, for I see certain signs in 
Simplicio’s face and actioris which indicate to me that he is 
neither convinced nor satisfied by what you, with the best 
evidence and with perfect truth, have said. And now it oc- 
curs to me how to remove all doubt by another experi- 
ment. I have seen in a room upstairs a large spherical 
mirror; have it brought here. And while it is on its way, 
Simplicio, consider carefully the amount of light which 
comes from the reflection of the flat mirror to this wall 
here under the balcony. 

Simp. I see that it is little less lighted than if the sun were 
striking it directly. 

SALYV. So it is. Now tell me; if, taking away that little flat 
mirror, we were to put the large spherical one in its place, 
what result do you think that would have upon the reflec- 
tion on this same wall? 

Simp. I think it would produce a much tit and 
broader light. . 
SALV. But what would you say if the illumination should 
be nil, or so small that you could hardly perceive it? 

SiMP. When I have seen the effect, I shall think up a reply. 


SALV. Here is the mirror, which I wish to have placed 


beside the other. But let us first go over there, near the 
reflection from the flat mirror, and note carefully its 
brightness. You see how bright it is here where it strikes, 
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and how you can distinctly make out these details of the 
wall. 

SIMP. I have looked and observed very slasaly, now place 
the other mirror beside the first. 

SALV. That is where it is. It was placed there as soon as you 
began to look at the detail, and you did not perceive it be- 
cause the increase of light over the rest of the wall was just 
as great. Now take away the flat mirror. See there, all the 
reflection is taken away, although the large convex mirror 
remains. Remove that also, and then replace it as you 
please; you will see no change whatever in the light upon 
the whole wall. Thus you see it shown to your senses how 
the reflection of the sun made from a spherical convex 
mirror does not. noticeably illuminate the surrounding 
places. Now what have you to say to this experiment? 
SIMP. I am afraid you have introduced some trickery. Yet I 
see, in looking at that mirror, that it gives out a dazzling 
light that almost blinds me; and what is more significant, I 
see it all the time, wherever I go, changing place on the 
surface of the mirror according as J look at it from this 
place or that; a conclusive proof that the light is reflected 
very vividly on all sides, and consequently upon the entire 
wall as upon my eyes. 

SALV. Now you see how carefully and with what reserve 
one must proceed in giving assent to what is shown by ar- 
gument alone. There is no doubt that what you say is plau- 
sible enough, and yet you can see that sensible experience 
refutes it. 

S1MP. How, then, does one proceed in this business? 
SALV. I shall tell you what I think about it, but I do not 
know how it will strike you. First of all, that brilliance 
which you see so vividly on the mirror, and which seems to 
you to occupy such a large part of it, is not such a big piece. 
It is really very tiny, but its extreme brightness causes an 
adventitious irradiation of your eyes through the reflec- 
tion made in the moisture at the edges of your eyelids, 
which extends over the pupils. It is like the little hat that 
seems to be seen around the flame of a candle at some dis- 
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tance; or you may want to compare it with the apparent 
rays around a star. For example, if you match the little 
body of the Dog Star as seen in the daytime through the 
telescope, when it is without irradiations, with the same 
seen at night by the naked eye, you will perceive beyond all 
doubt that with its irradiations it appears thousands of 
times larger than the bare and real starlet. A similar or 
larger augmentation is made by the image of the sun 
which you see in that mirror; I say larger, because it is 
more vivid than that of the star, as is obvious from one’s 
being able to look at the star with less injury to one’s vision 
than at this reflection in the mirror. 

Thus the reflection which has been imparted 0 over this 
entire wall comes from a small part of the mirror, while 
that which was coming a little while ago from the flat mir- 
ror was imparted and confined to a very small part of the 
same wall. What is the marvel, then, that the first reflection 
shone very brightly, and this other remained almost im- 
perceptible? 

Simp. I am more perplexed than ever; J must bring up the 
other difficulty. How can it be that the wall, being of so 
dark a material and so rough a surface, is able to reflect 
light more powerfully and vividly than a smooth and well- 
polished mirror? 

SALV. Not more vividly, but more diffusely. As to vivid- 
ness, you see that the reflection of that little flat mirror, 
where it is thrown there under the balcony, shines 
strongly; and the rest of the wall, which receives a reflec- 
tion from the wall to which the mirror is attached, is not 
lighted up to any great extent (as 1s the small part struck by 
the reflection from the mirror). If you wish to understand - 
the whole matter, consider how the surface of this rough 
wall is composed of countless very small surfaces placed in 
an innumerable diversity of slopes, among which of ne- 
cessity many happen to be arranged so as to send the rays 
they reflect to one place, and many others to another. In 
short, there is no place whatever which does not receive a 
multitude of rays reflected from very many little surfaces 
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dispersed over the whole surface of the rough body upon 
which the luminous rays fall. From all this it necessarily 
follows that reflected rays fall upon every part of any sur- 
face opposite that which receives the primary incident 
rays, and it is accordingly illuminated. 
It also follows that the same body on which the illumi- 
nating rays fall shows itself lighted and bright all over 
when looked at from any place. Therefore the moon, by 
being a rough surface rather than smooth, sends the sun’s 
light in all directions, and looks equally light to all ob- 
servers. If the surface, being spherical, were as smooth as a 
mirror, it would be entirely invisible, seeing that that very The moon, 
small part of it which can reflect the image of the sun to if smooth 


- ie,» Sikes and pol- 
the eyes of any individual would remain invisible because ie. 
of the great distance, as we have already remarked. would be 

invisible. 


Simp. I thoroughly understand your entire argument. 
Still, it seems to me that one can explain it away with very 
little trouble, so as to be able to maintain that the moon is 
round and polished and that it reflects the sun’s light to us 
in the way a mirror does. Nor need the image of the sun be 
seen in its center, for “Not in its own form may the sun be 
seen at such a great distance in a little image of the sun, 
but the illumination of the whole moon may be perceived 
by us through the light produced by the sun.” We may see 
such a thing in a gilded and polished plate which, being 
struck by luminous rays, shows itself resplendent all over 
to one who observes it from a distance; and only from 
nearby is the little image of the luminous body seen in the 
middle of it. 

SALV. Naively confessing my incomprehension, I must 
say that I understand nothing of this argument of yours 
except that part about the gilded plate. If you will allow 
me to speak freely, I am strongly of the opinion that you do 
not understand it either, but have committed to memory 
words written by somebody out of a desire to contradict 
and to show himself more intelligent than his opponent. 
To show this, moreover, to those who, in order to appear 
intelligent themselves, would applaud what they did not 
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understand, and form the better opinion of people accord- 
ing to the deficiency of their own understanding; if indeed 
the author himself is not one of those (and there are many) 
who write of what they do not understand, and whose 
writings are therefore not understood. 

But putting all this aside, I reply to you regarding the 
gilded plate that if it is flat and not very large it could ap- 
pear from a distance to be lighted all over, if struck by a 
strong light. But it will be seen thus only when the eye is on 
a definite line, namely that of the reflected rays. And it 
would be seen more glittering than if it were made of sil- 
ver, the color and density of the metal being better suited 
to receiving a perfect burnishing. And if its surface were 
well polished but not exactly flat, having various slopes, 
then its splendor could be seen from even more places—as 
many as could be reached by the rays from its various 
faces. That is why diamonds are worked into many facets, 
so that their delightful brilliance may be perceived from 
many places. But if the plate were very large, then despite 
the distance and even though it were perfectly flat, it 
would not be seen shining all over. 

In order to explain better, let us take a very large gilded 
plate exposed to the sun; it will show to a distant eye the 
image of the sun occupying only a part of the plate, that 
from which the reflection of the incident solar rays comes. 
It is true that on account of the vividness of the light such 
an image would appear crowned with many rays, and 
would therefore seem to occupy a much larger part of the 
plate than it really did. To verify this, one might note the 
exact place on the plate from which the reflection came, 
and likewise figuring how large the shining space appears, - 
cover the major part of this space leaving only the middle 
revealed; the size of the apparent brilliance would not be a 
whit diminished, but it would be seen widely spread over 
the cloth or material used for the covering. So if anyone, 
seeing from a distance a little gilded plate shining all over, 
should imagine that the same phenomenon would have to 
occur with a plate as large as the moon, he would be as 
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much deceived as if he were to think that the moon is no 
larger than the bottom of a bathtub. 
Then if the plate were spherical, the strong reflection 
would be seen only in a single point, though because of the 
brilliance it would indeed appear fringed with many vi- 
brant rays. The rest of the ball would be seen as colored, 
and this only if it were not very highly polished; for if it 
were perfectly polished it would appear dark. We have an 
example of this daily before our eyes in silver vases, which, 
when they are merely bleached by boiling, are white as 
snow all over and cannot render images at all; but if any 
part of them is burnished, it quickly becomes dark and 
gives images like a mirror. The darkness comes merely 
from the leveling of a very fine grain that made the surface 
of the silver rough and therefore suited to reflect light in 
all directions, so that all places showed themselves equally 
lighted. When those minute inequalities are leveled by 
burnishing so that the reflection of the incident rays is di- 
rected toward a definite place, then from such a place the 
burnished part looks much clearer and lighter than the rest 
which is only bleached; but from any other place it is seen 
to be quite dark. And note that the diversity of what is seen 
upon looking at a burnished surface causes such a different 
appearance that to imitate or depict burnished armor, for 
example, one must combine pure black and white, one be- 
side the other, in parts of the arms where the light falls 
equally. 
SAGR. Then if these doctors of philosophy were content 
to grant that the moon, Venus, and the other planets had 
surfaces not as smooth and bright as a mirror, but were 
something short of that, like a silver plate merely bleached 
but not burnished, would this be sufficient to make it visi- 
ble and fit to reflect the sun’s light for us? 
SALV. Partly, but it would not make a light as powerful as 
is made by its being mountainous and full of great promi- 
nences and cavities. However, these doctors of philosophy 
never do concede it to be less polished than a mirror, they 
want it more so, if that can be imagined, for they deem that 
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only perfect shapes suit perfect bodies. Hence the spheric- 
ity of the heavenly globes must be absolute. Otherwise, if 
they were to concede me any inequality, even the slightest, 
I would grasp without scruple for some other, a little 
greater; for since such perfection consists in indivisibles, a 
hair spoils it as badly as a mountain. 
SAGR. This gives rise to two questions on my part. One is 
to understand why the greater irregularity of the surface 
makes the reflection of the light more powerful, and the 
other is why these Peripatetic gentlemen want such a pre- 
cise shape. 
SALV. I shall answer the first and let Simplicio worry 
about replying to the second. You must know, then, that a 
given surface receives more or less illumination from the 
same light according as the rays of light fall upon it less or 
more obliquely; the greatest illumination occurs where the 
rays are perpendicular. And here I shall show you this by 
means of your senses. First I fold this sheet of paper so that 
one part makes an angle with the other, and now I expose 
it to the light reflected from that wall opposite to us. You 
see how this part that receives the rays obliquely is less. 
light than this other where the rays fall at right angles. 
Note how the illumination becomes weaker as I make it 
receive them more and more obliquely. 
SAGR. I see the effect, but I do not understand the cause. 
SALV. If you thought about it a minute you would find it, 
but so as to save time, here is a sort of proof in this figure. 
SAGR. Just seeing the diagram has cleared the whole mat- 
ter up, so go on. 


— Simp. Please explain further for 
me, since | am not that quick- 
witted. 

SALV. Imagine that all the parallel 

B 

D lines which you see leaving from 


Fic. , 
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rays that strike the line CD at right angles. Now tilt CD so 
that it leans like DO. Do you not see that many of the rays 
which struck CD pass by without touching DO? And if 
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DO is illuminated with less rays, it is surely ‘reasonable 
that the light it receives from them is weaker. 

Now let us get back to the moon, which, being spherical 
in shape would, if its surface were as smooth as this paper, 
receive much less light near the edges of its lighted hemi- 
sphere than upon the central parts; for the rays would fall 
upon the former quite obliquely, and upon the latter at 
right angles. For that reason at full moon, when we see 
nearly all the hemisphere illuminated, the central parts 
ought to look brighter than those near the edges; but that is 
not what is seen. Now imagine the face of the moon to be 
full of high mountains. Do you not see that their peaks and 
ridges, being elevated above the convexity of a perfectly 
spherical surface, are exposed to the sun and accommo- 
dated to receive the rays much less obliquely, and there- 
fore to look as much lighted as the rest? 

SAGR. All right, but even if there are such mountains and 
it is true that the sun strikes them much straighter than it 
would the slopes of a smooth surface, still it is also true 
that the valleys among these mountains would remain dark 
because of the great shadows which the mountains would 
cast at such a time; whereas the central parts, though full of 
mountains and valleys, would remain without shadows 
through the elevation of the sun. Therefore they would be 
much lighter than the parts at the edge, those being spot- 
ted with shadows no less than with light. Yet no such dif- 
ference is observed. 

SIMP. I was turning over in my mind a like difficulty. 
SALV. How much quicker Simplicio is to perceive difficul- 
ties that strengthen Aristotle’s position than he is to see 
their solutions! But I suspect that sometimes he deliber- 
ately keeps those to himself; and having in the present in- 
stance been able to see the objection, which incidentally is 
quite ingenious, I cannot believe that he has not also dis- 
covered the answer. Hence I shall try to worm it out of 
him, as the saying goes. Now tell me, Simplicio, do you be- 
lieve that there can be shadows where the rays of the sun 
are striking? 
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SMP. I-do not believe so; I am sure not. The sun being the 
strongest light, which scatters darkness with its rays, it is 
impossible that darkness could remain where it arrived. 
Besides, we know by definition that tenebrae sunt privatio lu- 
mints. 

SALV. Then the sun, looking at the earth or moon or any 
other opaque body, never sees any of its shady parts, hav- 
ing no other eyes to see with than its light-bearing rays. 
Consequently anyone who was located on the sun would 
never see anything shady, because the rays of his vision 
would always travel in company with the illuminating sun- 
shine. 

S1mP. That is very true; it is beyond contradiction. 

SALV. Now when the moon is in opposition to the sun, 
what difference is there between the path which the rays of 
your vision take and the way the rays of the sun go? 

Simp. Oh, now I understand you. You mean that since the 
rays of vision and those of the sun are going along the 
same lines, we can never see any of the shaded valleys of 
the moon. But please give up your opinion that I am a hyp- 
ocrite or a dissembler; I give you my word as a gentleman 
that I did not perceive this reply, and I might never have 
discovered it without your help or without long study. 
SAGR. The solution that you two have arrived at for this 
last question satisfies me also, yet at the same time this re- 
mark that the sun’s rays and visual rays travel together has 
raised another difficulty elsewhere. I do not know whether 
I can express it, because it has just occurred to me and I 
have not yet assimilated it, but let us see whether among us 
we can clarify it. 

Doubtless the outer parts of a smooth but unpolished 
hemisphere which is lighted by the sun, receiving its rays 
obliquely, receive many less rays than do the central parts, 
which catch them straight on. And it may be that a wide 
band, say of twenty degrees, near the edge of the hemi- 
sphere receives no more rays than another near the center 
no broader than four degrees, so that the former would be 
much darker than the latter and would appear so to anyone 
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who saw them both head on or at their best, so to speak. 
But if the eye that looked at them were so located that the 
breadth of twenty degrees belonging to the dark band ap- 
peared to be no wider than that of the four-degree band 
located at the center of the hemisphere, I think it not im- 
possible that the one might look just as light and luminous 
as the other. After all, the reflections of two equal quanti- 
ties of rays would come to the eye within two equal an- 
gles—that is, of four degrees—for they are reflected from 
the center band four degrees in width and the other which 
is twenty degrees but which is seen as four degrees because 
of foreshortening. And such a place is occupied by the eye 
when it is located between the hemisphere and the body 
which illuminates it, because then the lines of sight and of 
the rays are the same. Therefore it seems possible that the 
moon could have a very regular surface, and at the full still 
appear no less luminous at the edges than in the center. 

-SALV. The problem is ingenious and deserves ta be con- 
.sidered. Since it has occurred to you offhand, I shall like- 
wise answer it with whatever comes to mind, though 
perhaps by thinking more about it I ri be able to hit 
upon a better answer. 

But before I propose any solution it will be good for us 
to make certain by an experiment whether there corre- 
sponds to your objection any such fact as it appears to 
prove. Therefore taking the same paper again and bending 
a small part over the rest, we shall expose it to the light so 
that the rays fall straight upon the smaller part and 
obliquely upon the rest, and test whether the former, 
which receives the rays straight, looks brighter. See here; 
the experiment already shows that it is noticeably the 
more luminous. 

Now, if your objection were valid, events would have to 

‘fall out as follows. Lowering our eyes so as to see the larger, 
less illuminated part in foreshortening, this part will be 
made to appear no larger than the other more illuminated 
part, and consequently will subtend no larger a visual 
angle than that. Then its light should, I say, increase so that 
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it will appear as bright as the other. Here I am looking at it, 
and I see it so obliquely that it looks even narrower than 
the other; nevertheless it does not brighten for me a bit. 
Look now and see whether the same happens for you. 
SAGR. I have done so, but however I lowered my eyes, I 
did not see a bit of lightening or brightening over the sur- 
face in question. It rather seemed to me to darken. 

SALV. Then we are satisfied as to the futility of the objec- 
tion. Next, as to its solution, I believe that as the surface of 
this paper is something less than smooth, few rays are re- 
flected back in the direction of incidence as compared 
with the many reflected in other directions, and that of 
these few, more are lost the more the visual rays approach 
the incident light rays. And since it is not the incident rays 
but those which are reflected to the eye which make the 
object appear luminous, more of these are lost by lowering 
the eye than are acquired; as you yourself said it appeared 
to you, seeing the page become darker. 

SAGR. I am satisfied with the experiment and with the 
reasoning. It now remains for Simplicio to answer my 
other question, telling me what impels the Peripatetics to 
desire such exact rotundity in the celestial bodies. 

SIMP. Being ingenerable, incorruptible, inalterable, in- 
variant, eternal, etc. implies that the celestial bodies are 
absolutely perfect; and being absolutely perfect entails 
their having all kinds of perfection. Therefore their shape 
is also perfect; that is to say, spherical; and absolutely and 
perfectly spherical, not approximately and irregularly. 
SALV. And how do you derive this incorruptibility? 

Simp. Directly, from lacking contraries; indirectly, from 
simple circular motion. 

SALV. So from what I gather from your argument, in es- 
tablishing the essence of the celestial bodies as incorrupt- 
ible, inalterable, etc. rotundity: does not enter as a 
necessary cause or a requisite; for if rotundity could cause 
inalterability, we could at will make wood or wax or other 
elemental material incorruptible simply by reducing it to a 
spherical shape. 
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Simp. And is it not obvious to you that a ball of wood 
maintains itself better and longer than does a steeple or 
some other angular form made of the same material? 
SALV. That is quite true, but the corruptible does not thus 
become incorruptible; it still remains corruptible, though 
indeed of longer duration. Hence it is to be noted that the 
corruptible is capable of being more or less so, and we can 
say, “This is less corruptible than that”; as, for example, 
jasper is less corruptible than sandstone. But the incor- 
ruptible does not admit of more or less; one- cannot say, 
“This is more incorruptible than that other,” if both are in- 
corruptible and eternal. Difference of shape, then, cannot 
operate except on materials capable of greater or less du- 
ration; on the eternal, which cannot exist except in equal 
permanence, the operation of shape ceases. 

Now since celestial material is incorruptible by reason 
not of shape but of something else, there is no need to be 
so solicitous about this perfect sphericity. For if material is 
incorruptible, it may have any shape you like and it will 
still be so. 
SAGR. | will go further and say that, admitting spherical 
shape to have the faculty of conferring incorruptibility, all 
bodies, of any shape whatever, would be eternal and incor- 
ruptible. For if the round body is incorruptible, then cor- 
ruptibility must subsist in the parts that depart from 
perfect roundness. For instance, there exists within a cube 
a perfectly round ball, incorruptible as such; corruptibility, 
then, resides in the corners which cover and conceal the 
roundness. The most that could happen, then, would be 
that those corners—those excrescences, so to speak—pro- 
duce corruption. 

And if we wish to go more deeply into the matter, then 
within the parts toward the corners there are other smaller 
balls of the same material. These are also incorruptible, 
being round; and the same holds for the leftover parts sur- 
rounding these eight lesser spheres—and in these, too, still 
other spheres may be imagined. Thus in the end, resolving 
the whole cube into innumerable balls, you must admit it 
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to be incorruptible. The same argument and a similar 
analysis can be made for any other shape. 

SALY. This line of reasoning works both ways. If, for ex- 
ample, a crystal sphere were incorruptible on account of 
its shape (that is, if it had the faculty of resisting any alter- 
ation from within or without), then the addition of further 
crystal and the transformation of this sphere into, say, a 
cube, would be seen not to have altered it either internally 
or externally. And it would surely be less apt to resist new 
enclosures of the same material than others of different 
materials—especially if it is true, as Aristotle says, that 
corruption is accomplished through contraries. And with 
what could this crystal ball be surrounded that would be 
less contrary to it than crystal itself? 

But we are not keeping track of the flight of time, and 
we shall be late in finishing our discussion if such long ar- 
guments are made about every detail. Besides which, a 
person’s memory becomes so confused with such a multi- 
tude of things that I can scarcely recall the propositions 
that Simplicio, in his orderly way, brought up for our con- 
sideration. 

S1mP. I remember quite well; on this matter of the moun- 
tainousness of the moon there still remains the cause that 
I adduced for such an appearance, maintaining that it is an 
illusion produced by the moon’s constituent parts being 
nonuniformly opaque and transparent. 

SAGR. A little while.ago when Simplicio, in accordance 
with the opinion of a certain Peripatetic friend of his, at- 
tributed the apparent irregularities of the moon to its parts 
being unevenly opaque and transparent, creating illusions 
similar to those seen in crystals and gems of various kinds, 
something occurred to me that would be much better 
adapted to the showing of such effects, and I believe that 
his philosopher would give anything for it. This is mother 
of pearl, which is worked into various shapes; even when 
brought to an extreme polish, it appears to the eye so pit- 
ted and raised in various places that even touching it can 
hardly make us believe in its smoothness. 


The First Day - 99 


SALV. This is really a very beautiful idea, and what has not 
yet been done may be done in good time, so if other gems 
and crystals have been brought up that have nothing to do 
with the illusions of mother of pearl, these may well be 
brought up also. Until then, so as not to deprive anyone of 
that opportunity, I shall withhold the answer which might 
go here, and merely attempt for the present to satisfy the 
objections brought up by Simplicio. 

I say, then, that this argument of yours is too general, 
and since you do not apply it to all the appearances, one by 
one, which are seen on the moon and which incline me and 
others to hold it to be mountainous, I do not believe that 
you could find anyone who would be content with such a 
view. Nor do | believe that you or the author himself gets 
any more satisfaction from it than from anything else that 
is quite beside the point. Out of the countless different ap- 
pearances that are revealed night after night during one 
lunation, you could not imitate a single one by arbitrarily 
fashioning a smooth ball out of more and less opaque and 
transparent pieces. On the other hand, balls may be made 
of any solid and opaque material which, merely by having 
prominences and cavities and by receiving varied illumi- 
nation, will precisely demonstrate the very changes and 
scenes which are discovered from one time to another in 
the moon. On such balls you may see the ridges of promi- 
nence exposed to the sun’s light to be very bright, and be- 
hind them you may see the projections of very dark 
shadows; you will see them greater or less according as 
these prominences are found more or less distant from the 
boundary that separates the light part of the moon from 
the dark. You will see this edge and boundary not evenly 
spread, as it would be if the ball were smooth, but broken 
and jagged. Beyond this boundary you will see, in the dark- 
ened part, many illuminated summits separated from the 
already luminous portion. As the illumination becomes 
more elevated you will see the shadows mentioned before 
diminish until they vanish entirely, to be seen no more at 
all when the entire hemisphere is lighted; and then in re- 
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verse, as the light passes toward the other lunar hemi- 
sphere, you will recognize the same prominences observed 
before and see the projections of their shadows made in 
the opposite direction, and lengthening. Of all these 
things, I say to you again, you cannot represent one for me 
with your “opaque” and “transparent.” 
SAGR. Oh, yes, one can be imitated; namely, that of the 
full moon, at which time all is illuminated and there are no 
longer discovered shadows or anything else that receives 
any alterations from the prominences and cavities. But 
please, Salviati, waste no more time on this particular, be- 
cause anyone who has had the patience to make observa- 
tions of one or two lunations and is not satisfied with this 
very sensible truth could well be adjudged to have lost his 
wits; and on such people, why spend time and words in 
vain? 
SIMP. Really, I have not made such observations, having 
had neither the curiosity nor the instruments suitable for 
making them. But I wish by all means to do so, and for the 
present we can leave this question pending and pass on to . 
the point that comes next, setting forth the reasons you 
have for believing that the earth can reflect light of the sun 
no less strongly than the moon can. For to me it seems so 
dark and opaque that such an effect strikes me as quite im- 
possible. 
SALV. What you think is a cause making the earth unfit for 
illuminations, Simplicio, is really not one at all. Would it 
not be interesting if I should see into your reasoning bet- 
ter than yourself? 
S1MP. Whether I reason well or badly, you might indeed 
know better than I do; but whether I reason well or badly I » 
shall never believe that you can see into my reasoning bet- 
ter than I. 
SALV. Even that I shall make you believe in due course. 
Tell me, when the moon is nearly full, so that it can be seen 
by day and also in the middle of the night, does it appear 
more brilliant in the daytime or at night? 
SIMP. Incomparably more at night. It seems to me that the 
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moon resembles those pillars of cloud and fire which 
guided the children of Israel; for in the presence of the sun 
it shows itself like a little cloud, but then at night it is most 
splendid. Thus I have observed the moon by day some- 
times among small clouds, and it looked like a little 
bleached one; but on the following night it shone very 
splendidly. 

SALV. So that if you had never happened to see the moon 
except by day, you would not have judged it brighter than 
one of those little clouds? 

Simp. I do believe you are right. 

SALV. Now tell me, do you believe that the moon is really 
brighter at night than by day, or just that by some accident 
it looks that way? 

SIMP. I believe that it shines intrinsically as much by day 
as by night, but that its light looks greater at night because 
we see it in the dark field of the sky. In the daytime, be- 
cause everything around it is very bright, by its small addi- 
tion of light it appears much less bright. 

SALV. Now tell me, have you ever seen the terrestrial 
globe lit up by the sun in the middle of the night? 

Simp. That seems to me to be a question that is not asked 
except in sport, or only of some person notorious for his 
lack of wit. 

SALV. No, no; I take you for a very sensible man, and ask 
the question in earnest. So answer just the same, and then 
if it seems to you that I am talking nonsense, I shall be 
taken for the brainless one; for he is a greater fool who asks 
a silly question than he to whom the question is put. 
Simp. Then if you do not take me for a complete simple- 
ton, pretend that I have answered you by saying that it is 
impossible for anyone who is on earth, as we are, to see by 
night that part of the earth where it is day; that is to say, the 
part which is struck by the sun. 

SALV. So you have never chanced to see the earth illumi- 
nated except by day, but you see the moon shining in the 
sky on the darkest night as well. And that, Simplicio, is the 
reason for your believing that the earth does not shine like 
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the moon; for if you could see the earth illuminated while 
you were in a place as dark as night, it would look to you 
more splendid than the moon. Now if you want to proceed 
properly with the comparison, we must draw our parallel 
between the earth’s light and that of the moon as seen in 
daytime; not the nocturnal moon, because there is no 
chance of our seeing the earth illuminated except by day. 
Is that satisfactory? 

SIMP. So it must be. 

SALV. Now you yourself have already admitted having 
seen the moon by day among little whitish clouds, and 
similar in appearance to one of them. This amounts to 
granting at the outset that these little clouds, though made 
of elemental matter, are just as fit to receive light as the 
moon is. More so, if you will recall in memory having seen 
some very large clouds at times, white as snow. It cannot be 
doubted that if such a one could remain equally luminous 
on the darkest night, it would light up the surrounding re- 
gions more than a hundred moons. 

If we were sure, then, that the earth is as much lighted 
by the sun as one of these clouds, no question would re- 
main about its being no less brilliant than the moon. Now 
all doubt upon this point ceases when we see those same 
clouds, in the absence of the sun, remaining as dark as the 
earth all night long. And what is more, there is not one of 
us who has not seen such a cloud low and far off, and won- 
dered whether it was a cloud or a mountain; a clear indica- 
tion that mountains are no less luminous than those 
clouds. 

SAGR. But why any more arguments? Yonder is the moon, 
more than half full, and over there is a high wall where the - 
sun beats down. Come this way so that the moon is seen 
beside the wall. Now look; which appears the brighter to 
you? Do you not see that if there is any advantage it be- 
longs to the wall? : 

The sun hits that wall, and from there it is reflected to 
the walls of this room; thence it is reflected into that cham- 
ber, so that it arrives there on its third reflection; and I am 


The First Day - 103 


absolutely certain that there is more light there than if the 
light were arriving directly from the moon. 

S1MP. Oh, I do not think so, for the light which the moon 
gives, especially at the full, is very great. 

SAGR. It seems great from the darkness of the shadowy 
surroundings, but it is not much absolutely; less than that 
of the twilight a half hour after sunset. This is obvious, be- 
cause earlier than that you do not see enough to distin- 
guish upon the ground the shadows of things illuminated 
by the moon. You could tell whether this third reflection in 
that chamber gives more light than the moon by going in 
there and reading a book, and then testing whether it is 
easier to read by moonlight. I believe it would be harder. 
SALV. If you are satisfied now, Simplicio, you can see how 
you yourself really knew that the earth shone no less than 
the moon, and that not my instruction but merely the rec- 
ollection of certain things already known to you have 
made you sure of it. For I have not shown you that the 
moon shines more brilliantly by night than by day; you al- 
ready knew it, as you also knew that a little cloud is 
brighter than the moon. Likewise you knew that the illu- 
mination of the earth is not seen at night, and in short you 
knew everything in question without being aware that you 
knew it. Hence there should be no reason that it should be 
hard for you to grant that reflection from the earth can il- 
luminate the dark part of the moon with no less a light 
than that with which the moon lights up the darkness of 
the night. More, because the earth is forty times the size of 
the moon. 

Simp. I really thought that the secondary light of the 
moon was its own. 

SALV. Well, you knew about that, too, and did not perceive 
that you knew it. Tell me, did you not know yourself that 
the moon shows itself brighter by night than by day with 
respect to the darkness of the surroundings? And from that 
did you not know that in general every bright body looks 
brighter when the surroundings are darker? 

Simp. I knew that perfectly well. 
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SALV. When the moon is crescent and the secondary light 
looks bright to you, is it not always close to the sun and is 
it not consequently seen in twilight? 

SIMP. So it is, and many times I have wished that the sky 
would darken so that I could see that light more clearly, 
but the moon has set before the night grew dark. 

SALV. Oh, then you knew perfectly well that this vic 
would have appeared greater in the dark of night? : 
Simp. Yes indeed, and still greater if the bright light of the 
horns lit up by the sun could be removed, the presence of 
which much obscures the lesser light. 

SALV. Does it not happen sometimes that one can see the 
whole disc of the moon in blackest night, without its being 
illuminated by the sun at all? 

Simp. I do not know that this ever happens except in a 
total eclipse of the moon. 

SALV. Well then, at that time its light ought to look most 
vivid, being in a very dark field and not obscured by light 
from the luminous horns. How bright has it looked to you 
in that state? 

Simp. Sometimes I have seen it copper-colored and a lit- 
tle whitish, but other times it remained quite dark so that I 
have lost sight of it. 

SALV. If what you could see so clearly in the twilight de- 
spite the obstacle of the adjacent splendor of the horns 
were the moon’s own light, how could all other light be re- 
moved from it in the darkest night, and its own light fail to 
appear? 

Simp. I understand that there have been those who be- 
lieved this light to be imparted by other stars; especially by 
its neighbor, Venus. ; 
SALV. This likewise 1s folly, because then at the time of a 
total eclipse the secondary light ought to appear more 
clearly than ever. For it cannot be said that the shadow of 
the earth hides the moon from Venus or the other stars. 
Nevertheless, the moon is totally deprived of light at that 
time, for the terrestrial hemisphere which is then turned 
toward the moon is the one where it is night; that is, where 
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there is complete absence of any sunlight. And if you were 

to observe it carefully, you would see quite plainly that just 

as the moon illuminates the earth very little when it is 

thinly crescent, and that, as it waxes, the splendor reflected 

from it to us grows likewise, so when the moon is thinly 

crescent (and, being between the sun and the earth, sees a 

very large part of the lighted terrestrial hemisphere), the 

light looks rather bright to us. But as the moon moves away 

from the sun and approaches quadrature, the light is seen 

to languish; at quadrature it is seen quite weakly because 

the lighted part of the earth is constantly being lost from 

view. Yet the contrary should hold if the light were its own 

or were communicated from the stars, because then we 

should be able to see it in deep night and in very dark sur- 
roundings. 

Simp. Wait a moment, please, for I have just remembered 

reading in a recent booklet of theses, which is full of nov- 

elties, that “This secondary light is not caused by the stars 

nor by the moon’s own light, and still less is it communi- 

cated from the earth; it derives from the illumination of 

the sun itself, which penetrates its whole body because the ' Secondary 
substance of the lunar globe is somewhat transparent. But _ light of the 
this more vividly illuminates the surface of the hemi- ee by 
sphere which is exposed to the sun’s rays, and the interior, . the sun, ac- 
drinking in and soaking up this light so to speak, like a lg 2 _ 
cloud or crystal, transmits it and makes the moon visibly 

lighted.” This, if I remember correctly, he proves by au- 

thority, experience, and reason, adducing Cleomedes, 

Vitellio, Macrobius, and some other author, a modern; 

adding that experience shows this light to look rather 

bright in daytime when the moon is near conjunction (that 

is, when it is crescent), and shines most brightly along its 

limb. Moreover he writes that in solar eclipses, when the 

moon is under the sun’s disc, it is seen to be translucent, 
especially around the extreme edges. As to his reasons, I 

believe he then says that since this phenomenon cannot be 

derived from the earth nor the stars nor the moon itself, it - 
necessarily follows that it comes from the sun. 
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Besides, on this supposition one may give suitable rea- 

sons quite elegantly for every single thing that happens. 
Thus for the appearance of the secondary light more 
vividly along the extreme limb, there is the reason of the 
short space penetrated by the sun’s rays—since of all the 
lines cutting a circle, the longest is that which passes 
through the center, and of the others those which are more 
distant from that one are always shorter than those which 
are closer to it. From the same principle, he says, one may 
deduce why the said light is little diminished. And, finally, 
a cause is assigned in this way for it happening that the 
brightest circle, along the extreme edge of the moon, is ob- 
served sian) a solar eclipse to be in that part which is 
under the sun’s disc, and not in the part outside this disc. 
This comes about because the sun’s rays penetrate directly 
to our eyes through the part placed under the sun, but fall 
beyond our line of sight when they go through the parts 
outside. _ 
SALV. If this philosopher had been the first author to hold 
such an opinion, I should not wonder at his being so fond 
of it as to want it considered true; but he having received it 
from others, I cannot think of any sufficient reason to ex- 
cuse him for not having perceived its errors. Especially 
after he had heard the true cause of the effect, and after 
having been able to assure himself by a thousand experi- 
ments and obvious evidences that it is produced by the 
earth’s reflection and nothing else. And to the extent that 
in the estimation of this author (and of others who with- 
hold their assent) the latter explanation leaves something 
to be desired, I can forgive the more ancient authors who 
had not heard of it nor hit upon it, but who, I am sure, 
would have accepted it with little hesitation if they had 
heard of it. | 

-And if I may say frankly what I think, I cannot believe 
that this modern author rejects it himself; but I think that, 
being unable to pass himself off as its original author, it 

- occurred to him to try his hand at suppressing it, or at least 
at belittling it for the simple-minded. We know the num- 
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ber of these to be enormous, and there are many men who 
enjoy the multitudinous applause of the people more than 
the approbation of the exceptional few. 

SAGR. Just a minute, Salviati; it seems to me that you ate 
not getting clear to the heart of the matter. Those who 
have nets to snare the common people know also how to be 
the authors of other men’s inventions, so long as these are 
not ancient ones and have not been published in the 
schools and in the market places so that they are more than 
familiar to everyone. — 

SALV. Oh, I am more cynical than you. Why talk about 
publications and notoriety? Does it make any difference 
whether the opinions and inventions are new to people or 
the people new to them? If you would be content with the 
acclaim of the tyros in science who flourish now and then, 
you would be able to make yourself the inventor of even 
the alphabet and become admirable to them in this way. 
And if in the course of time your cunning were discov- 
ered, that would not prejudice your aims very much, for 
others would come along to fill in the gaps in the ranks of 
your supporters. 

But let us get back to showing Simplicio the futility of 
the arguments of his modern author, in which there are 
falsehoods and fallacies and contradictions. First, it is false 
that this secondary light is brighter around the extreme 
margin than in the central parts, so that a sort of ring or 
circle is formed that is more brilliant than the rest of the 
field. It is true that the moon shows such a circle when ob- 
served in twilight at its first appearance after new moon, 
but that originates deceptively in differences between the 
boundaries which terminate the lunar disc over which this 
secondary light is spread. For on the side toward the sun, 
the light is bounded by the bright horn of the moon; on the 
other side, it has for its boundary the dark field of the twi- 
light, in relation to which it appears lighter than the white- 
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by the greater brilliance of the horns. If only this modern 
author had tried placing between his eye and the primary 
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brilliance some screen such as the roof of a house, or some 
other partition, so that only the part of the moon outside 
the horn: remained visible, he would have seen it all 
equally luminous. _ 
Simp. I seem to remember his writing about making use of 
some such device for hiding the bright crescent. 
SALV. Well, if that is so, then what I have called an over- 
sight of his is turned into a lie that borders upon rashness, 
since anybody can put it to the test as often as he likes. 
Next, I question very much whether in an eclipse of the 
sun the disc of the moon is seen at all except by depriva- 
tion of light, especially when the eclipse is partial, as it 
must have been for this author’s observations. But even if it 
were perceived as lighted, this would not contradict our 
opinion. It would favor this, since at that time the moon is 
opposite the hemisphere of the earth that is illuminated by 
the sun; and though the shadow of the moon darkens a part 
of it, the darkened part is very small in comparison with 
what remains illuminated. Then he adds here that in this 
event the part of the margin which is underneath the sun 
looks very bright, but that which remains outside does not, 
deducing from this the direct arrival at the eye of the sun’s 


rays through the former part but not through the latter. 


Here is one of those fabrications that reveal the other fic- 
tions of the person who recounts them. For if the rays of 
the sun had to pass directly to our eyes in order to make 
the secondary light of the lunar disc visible, doesn’t this 
poor fellow see that we should never observe such a sec- 
ondary light except in eclipses of the sun? And if the pres- 
ence of a part of the moon only half a degree distant from 
the sun’s disc can deviate the sun’s rays so that they do not 
arrive at our eyes, what will happen when it is twenty or 
thirty degrees away, as it is right after the new moon? How 
will the rays of the sun which then have to pass through 
the body of the moon find their way to our eyes? 

This fellow goes about thinking up, one by one, things 
that would be required to serve his purposes, instead of 
adjusting his purposes step by step to things as they are. 
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Look: To make the brightness of the sun capable of pierc- 
ing the substance of the moon, he makes the latter translu- 
cent like the transparency of a cloud or a crystal, for 
example. But I think he never got round to deciding with 
regard to such transparency whether the sun’s rays would 
penetrate a cloud more than two thousand miles thick. 
Now let us suppose that he would boldly respond that this 
could easily happen for celestial bodies, which are very 
differently constructed from our impure and filthy ele- 
mental bodies, and let us convict him of error by means 
that admit of no response—or rather no subterfuge. If he 
wants to maintain that the substance of the moon is di- 
aphanous, he will have to say that this is so when the rays 
of the sun have to go through its entire thickness of two 
thousand miles, but that when they are opposed by only a 
mile or so of it they do not penetrate it any more than they 
do one of our own mountains. 
SAGR. This reminds me of a man who wanted to sell me a 
secret method of communicating with a person two or _Laughing- 
three thousand miles away, by means of a certain sympa- Stock made 
; : of a person 
thy of magnetic needles. I told him that I would gladly no tried to 
buy, but wanted to see by experiment and that it would be sell a cer- 
enough for me if he would stand in one room and [in an- pnt 
other. He replied that its operation could not be detected | ing with 
at such a short distance. I sent him on his way, with the re- someone a 
; : : thousand 
mark that I was not in the mood at that time to go to Cairo nites away. 
or Moscow for the experiment, but that if he wanted to go 
I would stay in Venice and take care of the other end. 
But let us hear how the deductions of our author go, 
and why he has to admit the material of the moon to be 
permeable by solar rays at a thickness of two thousand 
miles, but as opaque as one of our mountains at a depth of 
only a mile. 
SALV. The mountains of the moon themselves give evi- 
dence of it. Struck on one side by the sun, they cast very 
black shadows to the opposite side, more abrupt and def- 
inite than the shadows of our own mountains; whereas if 
they were diaphanous, we should never have been able to 
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discern any roughness on the surface of the moon, nor to 
see those luminous separated peaks along the boundary 
that divides the lighted from the darkened part. Still less 
would we see that same boundary so distinctly if it were 
true that the sunlight penetrated the depths of the moon. 
Rather, according to this author’s own words, the bound- 
ary between the parts touched and not touched by the 
sun would have to appear very vague and mixed light- 
and-dark. For any material that gives passage to the sun’s 
rays through a thickness of two thousand miles would 
have to be so transparent that there would be little differ- 
ence in a hundredth or less part of that magnitude. Yet 
the boundary that separates the lighted part from the 
dark is abrupt and as distinct as black is from white, espe- 
cially where the division passes over the part of the moon 
that is naturally brightest and roughest. Where it cuts the 
classic (antiche) spots, which are plains, they go in a spher- 
ical curve so as to receive the sun’s rays obliquely, and the 
boundary is not so abrupt because the illumination is 
fainter. 

Finally, what he says about the secondary light not di- 
minishing and receding according as the moon waxes (but 
retaining the same strength) is quite false. Little is to be | 
seen of it even at quadrature, when on the contrary it 
ought to be seen most vividly, since at that time the moon 


-can be seen after twilight in the deepest night. 


From all this we conclude that the reflection from the 
earth is very powerful on the moon. What is more impor- 
tant is that there follows from this another beautiful re- 
semblance, which is that if it is true that the planets act 
reciprocally upon the earth by their motion and by their 
light, perhaps the earth is no less potent in acting upon 
them by its own light—and possibly by its motion, too. But 
even if it does not move, these actions may remain the 
same. For as we have already seen, the action of light (that 
is, the reflected light of the sun) is precisely the same; and 
motion does no more than to make variations in appear- 
ances, which take place in the same way by making the 
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earth move and holding the sun still as they would by the 

opposite. 

SIMP. No philosopher is to be found who ever said that 

these inferior bodies act upon celestial ones, while Aris- 

totle said clearly the opposite. 

SALV. Aristotle and the others who did not know that the 

earth and moon reciprocally illuminate each other deserve 

to be excused. But they would equally deserve to be repre- 

hended if, while wanting us to give in to them and believe 

that the moon acts on the earth by light, they should insist 

on denying us the action of the earth on the moon when 

we had demonstrated to them that the earth lights up the 

moon. 

Simp. All in all, I find in my heart a great reluctance to 

grant this companionship between the earth and moon of 

which you want to persuade me, placing the earth in the 

host of the stars, so to speak. For even if there were noth- 

ing else, the immense separation and distance between the 

earth and the heavenly bodies seems to me to imply neces- 

sarily a great dissimilarity. 

SALV. See what an inveterate affection and a deeply rooted 

opinion can do, Simplicio. It is so strong that you make the 

very things seem to favor your opinion which you yourself 

adduce against it. If separation and distance are valid facts 

for arguing a great difference in natures, it is necessary on 

the other hand that closeness and contiguity should mean 

similarity; and how much closer is the moon to the earth Affinity be- 

than it is to the other heavenly bodies! Confess then, by ween earth 
eis : and moon 

your own admission (and you will have’plenty of other vith regard 

philosophers for company), the great affinity between the’ to prox- 

earth and the moon. And now let us get on; propose what-  '™"* 

ever else remains to be considered about the difficulties 

that you posed against the congruence of these two bodies. 

SIMP. There remains my question regarding the solidity 

of the moon, which I deduced from its being highly pol- 

ished and smooth, and you from its being mountainous. 

Another trouble originated in my believing that the reflec- 

tion from the seas ought to be stronger, on account of the 
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evenness of their surface, than that from the land, whose 
surface is so rough and dark. 

SALV. As to the first question I say that it is just as with the 
parts of the earth, which because of their heaviness at- 
tempt to get as close as possible to its center, though some 
do remain farther away than others—mountains farther 
than plains, for instance—and this because of their solid- 
ity and hardness, for if they were of fluid material they 
would level out. Just so, to see parts of the moon remain 
raised above the sphericity of the parts beneath them im- 


plies their hardness, because it is plausible that the moon’s 


material forms itself into a spherical shape from a cooper- 
ative tendency (concorde conspirazione) of all its parts toward 
their center. m 

Concerning the other question, it seems to me that from 
our having considered events that take place in mirrors we 
can understand quite well that the reflection of light com- 
ing from the seas would be less than that coming from the 
land. I mean here its general reflection, for as to the spe- 
cific reflection from a quiet sea toward one certain place, I 
have no doubt that anyone located in that place would see 
from the water a very strong reflection. But from all other 
places, the surface of the water would be seen darker than 
the land. And to show this to your own senses, let us go into 
that hall and pour a little water on the pavement. Tell me, 
now, doesn’t this wet brick look darker than those dry 
ones? Of course it does, and it looks so from every place 
but one; namely, where the reflection of light from that 
window strikes. Therefore move gently backward a bit. 
SIMP. From here I see the wet part brighter than the rest 
of the pavement, and I perceive that this happens because 
the reflection of the light from that window is coming 
straight toward me. : 
SALYV. All that this wetting has done is to fill the little pores 
in the brick and reduce its surface to a smooth plane, from 
which the reflected rays then come unitedly toward a sin- 
gle place. The rest of the pavement is dry, and keeps its 
roughness; that is, an innumerable variety of slopes in its 
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minute particles, from which the reflections of light go out 
in every direction but are much weaker than if they were 
all to go united together. Therefore the appearance of this 
part varies little or none when observed from various di- 
rections, but looks the same from everywhere—and much 
less bright than that one particular reflection from the wet 
part. 


I conclude therefore that just as the surface of the ocean - 


_ seen from the moon would appear level (except for islands 
and rocks), so it would appear less bright than that of the 
land, which is uneven and mountainous. And if it were not 
that I do not wish to seem too eager, as they say, I should 
tell you of having observed the secondary light of the 
moon (which say is a reflection from the terrestrial globe) 
to be appreciably brighter two or three days before con- 
junction than after. That is, when we see it before dawn in 
the east it is brighter than when we see it in the evening 
after the setting of the sun in the west. The reason for this 
difference is that the terrestrial hemisphere opposite to the 
moon when it is in the east has fewer seas and more land, 
containing all Asia. But when the moon is in the west, it 


faces great seas—the whole Atlantic clear to America—a . 


very plausible argument for the surface of the water show- 
ing itself less brilliantly than that of the land. 

SimP. [Therefore, in your opinion, the earth would make 
an appearance similar to that which we see in the moon, of 
at most two parts.] But do you believe then that those great 
spots which are seen on the face of the moon are seas, and 
the brighter balance land, or some such thing? 

SALV. What you are now asking me is the first of the dif- 
ferences that I think exist between the moon and the earth, 
which we had better hurry along with, as we are staying 
too long on the moon. I say then that if there were in na- 
ture only one way for two surfaces to be illuminated by the 
sun so that one appears lighter than the other, and that this 
were by having one made of land and the other of water, it 
would be necessary to say that the moon’s surface was 
partly terrene and partly aqueous. But because there are 
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more ways known to us that could produce the same effect, 
and perhaps others that we do not know of, I shall not 
make bold to affirm one rather than another to exist on the 
moon. 

We have already seen that a bleached silver plate 
changes from white to dark by the touch of the burnisher, 
the watery part of the earth looks darker than the dry; on 
the ridges of mountains the wooded parts look much 
gloomier than the open and barren places because the | 
plants cast a great deal of shadow while the clearings are 
lighted by the sun. Such a mixture of shadows is so effec- 
tive that in sculptured velvet the color of the cut silk looks 
much darker than that of the uncut, because of shadows 
cast between one thread.and another; and plain velvet is 
likewise much darker than taffeta made of the same silk. 
So if on the moon there were things resembling dense 
forests, their aspect would probably be like that of the 
spots we see; a like difference would be created if they 
were seas; and, finally, there is nothing to prevent these 
spots being really of a darker color than the rest, for it is in 
that way that snow makes mountains appear brighter. 

What is clearly seen in the moon is that the darker parts 
are all plains, with few rocks and ridges in them, though 
there are some. The brighter remainder is all full of rocks, 
mountains, round ridges, and other shapes, and in particu- 
lar there are great ranges of mountains around the spots. 
That the spots are flat surfaces we are certain, from ob- 
serving that the boundary which separates the light and 
dark parts makes an even cut in traversing the spots, 
whereas in the bright parts it looks broken and jagged. But 
I do not know whether this evenness of surface is enough 
by itself to cause the apparent darkness, and J rather think 
not. 
Quite apart from this, I consider the moon very differ- 
ent from the earth. Though I fancy to myself that its re- 
gions are not idle and dead, still I do not assert that life and 
motion exist there, and much less that plants, animals, or 
other things similar to ours are generated there. Even if 
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they were, they would be extremely diverse, and far be- 

yond all our imaginings. I am inclined to believe this be- 

cause in the first place I think that the material of the lunar 

globe is not land and water, and this alone is enough to 

prevent generations and alterations similar to ours. But 

even supposing land and water on the moon, there are in 

any case two reasons that plants and animals similar to Moon not 

ours would not be produced there. comugeed 
The first is that the varying aspects of the sun are so salen si 

necessary for our various species that these could not exist Aapets of 

at all without them. Now the behavior of the sun toward _ the sun nec- 

‘the earth is much different from that which it displays e... 

toward the moon. As to daily illumination, we on the earth are Me ee 

have for the most part twenty-four hours divided between plicated on 

day and night, but the same effect takes a month on the ‘®™°° 

moon. The annual sinking and rising by which the sun pa, 

causes the various seasons and the inequalities of day and moonisa 

night are finished for the moon in a month. And whereas month long. 

for us the sun rises and sinks so much that between its To the 

maximum and minimum altitudes there lie forty-seven ae 

degrees of difference (that is, as much as the distance be- and ascends 


tween the tropics), for the moon it varies no more than ten With a vari- 


: : : . ation of 10 
degrees ora little less, which is the amount of the MAKI- degreesito 
mum latitudes of its orbit with respect to the ecliptic. the earth, 

47 degrees. 


_ Now think what the action of the sun would be in the 
torrid zone if for fifteen days without pause it continued to 
beat down with its rays. It goes without saying that all the 
plants and herbs and animals would be destroyed; hence if 
any species existed there, they would be plants and ani- 
mals very different from present ones. 

In the second place, I am sure that there are no rains On No rains on 
the moon, because if clouds collected in any part of it, as the moon. 
around the earth, they would hide some of the things on 
the moon that we see with the telescope. Briefly, the scene 
would alter in some respect; an effect which I have never 
seen during long and diligent observations, having always 
discovered a very pure and uniform serenity. 

‘SAGR. To this it might be replied that either there might 
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be great dews or that it rains there during its nights; that is, 
when the sun does not light it up. 

SALV. If from other appearances we had any signs that 
there were species similar to ours there, and only the oc- 
currence of rains was lacking, we should be able to find this 
or some other condition to take their place, as happens in 
Egypt by the inundations of the Nile. But finding no event 
whatever like ours, of the many that would be required to 
produce similar effects, there is no point in troubling to in- 
troduce one only, and even that one not from sure obser- 
vation but because of mere possibility. Besides, if I were 
asked what my basic knowledge and natural reason told 
me regarding the production there of things similar to or 
different from ours, I should always reply, “Very different 
and entirely unimaginable by us”; for this seems to me to 
fit with the richness of nature and the omnipotence of the 
Creator and Ruler. : 

SAGR. It always seems to me extreme rashness on the part 
of some when they want to make human abilities the mea- 
sure of what nature can do. On the contrary, there is not a 
single effect in nature, even the least that exists, such that 
the most ingenious theorists can arrive at a complete un- 
derstanding of it. This vain presumption of understanding 
everything can have no other basis than never understand- 
ing anything. For anyone who had experienced just once 
the perfect understanding of one single thing, and had 
truly tasted how knowledge is accomplished, would recog- 
nize that of the infinity of other truths he understands 
nothing. 

SALV. Your argument is quite conclusive; in confirmation 
of it we have the evidence of those who do understand or 
have understood some thing; the more such men have 
known, the more they have recognized and freely con- 
fessed their little knowledge. And the wisest of the Greeks, 
so adjudged by the oracle, said openly that he recognized 
that he knew nothing. 

SiMP. It must be said, then, that either the oracle or 
Socrates himself was a liar, the former declaring him the | 
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wisest, and the latter saying he knew himself the most ig- 
norant. 

SALV. Neither of your alternatives follows, since both 
pronouncements can be true. The oracle judges Socrates 
wisest above all other men, whose wisdom is limited; 
Socrates recognizes his knowing nothing relative to ab- 
solute wisdom, which is infinite. And since much is the 
same part of infinite as little, or as nothing (for to arrive at 
an infinite number it makes no difference whether we ac- 
cumulate thousands, tens, or zeros), Socrates did well to 
recognize his limited knowledge to be as nothing to the in- 
finity which he lacked. But since there is nevertheless some 
knowledge to be found among men, and this is not equally 
distributed to all, Socrates could have had a larger share 
than others and thus have verified the response of the 
oracle. 

SAGR. I think I understand this point quite well. Among 
men there exists the power to act, Simplicio, but it is not 
equally shared by all; and no doubt the power of an em- 
peror is greater than that of a private person, but both are 
nil in comparison to Divine omnipotence. Among men 
there are some who understand agriculture better than 
others; but what has knowing how to plant a grapevine in a 
ditch got to do with knowing how to make it take root, 
draw nourishment, take from this some part good for 
building leaves, some other for forming tendrils, this for 
the bunches, that for the grapes, the other for the skins, all 
this being the work of most wise Nature? This is one sin- 
gle particular example of the innumerable works of Na- 
ture, and in this alone may be recognized an infinite 
wisdom; hence one may conclude that Divine wisdom is 
infinitely infinite. : 
SALV. Here is another example. Do we not say that the art 
of discovering a beautiful statue in a block of marble has 
elevated the genius of Michelangelo far, far above the or- 
dinary minds of other men? Yet this work is nothing but 
the copying of a single attitude and position of the exter- 
nal and superficial members of one motionless man. Then 
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what is it in comparison with a man made by Nature, com- 
posed of so many members, external and internal, of so 
many muscles, tendons, nerves, bones, that serve so many 
and such diverse motions? And what shall we say of the 
senses, of spiritual power, and finally of the understand- 
ing? May we not rightly say that the making of a statue 
yields by an infinite amount to the formation of a live man, 
even to the formation of the lowest worm? 

SAGR. And what difference do you think there was be- 
tween the dove of Archytas and a natural dove? 

Simp. Either I am without understanding or there is a 
manifest contradiction in this argument of yours. Among 
your greatest encomiums, if not indeed the greatest of all, 
is your praise for the understanding which you attribute to 
natural man. A little while ago you agreed with Socrates 
that his understanding was nil. Then you must say that not 
even Nature understood how to make an intellect that 
could understand. 


~ SALV. You put the point very sharply, and to answer the 


objection it is best to have recourse to a philosophical dis- 
tinction and to say that the human understanding can be 
taken in two modes, the intensive or the extensive. Extensively, 
that is, with regard to the multitude of intelligibles, which 
are infinite, the human understanding is as nothing even if 
it understands a thousand propositions; for a thousand in 


relation to infinity is zero. But taking man’s understanding 


intensively, in so far as this term denotes understanding 
some proposition perfectly, I say that the human intellect 
does understand some of them perfectly, and thus in these - 
it has as much absolute certainty as Nature itself has. Of 
such are the mathematical sciences alone; that is, geometry 
and arithmetic, in which the Divine intellect indeed knows 
infinitely more propositions, since it knows all. But with 
regard to those few which the human intellect does under- 
stand, I believe that its knowledge equals the Divine in ob- 
jective certainty, for here it succeeds in understanding 
necessity, beyond which there can be no greater sureness. 
SIMP. This speech strikes me as very bold and daring. 
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SALV. These are very ordinary propositions and far from 
any shade of temerity or boldness. They do not detract in 
the least from the majesty of Divine wisdom, just as say- 
ing that God cannot undo what is done does not in the 
least diminish His omnipotence. But I question, Simplicio, 
whether your suspicion does not arise from your having 
taken my words equivocally. So in order to explain myself 
better, I say that as to the truth of the knowledge which is 
given by mathematical proofs, this is the same that Divine 
wisdom recognizes; but I shall concede to you indeed that 
the way in which God knows the infinite propositions of 
which we know some few is exceedingly more excellent 
than ours. Our method proceeds with reasoning by steps 
from one conclusion to another, while His is one of simple 
intuition. We, for example, in order to win a knowledge of 
some properties of the circle (which has an infinity of 
them), begin with one of the simplest, and, taking this for 
the definition of circle, proceed by reasoning to another 
property, and from this to a third, and then a fourth, and so 
on; but the Divine intellect, by a simple apprehension of 
the circle’s essence, knows without time-consuming rea- 
soning all the infinity of its properties. Next, all these 
properties are in effect virtually included in the definitions 
of all things; and ultimately, through being infinite, are 
perhaps but one in their essence and in the Divine mind. 
Nor is all the above entirely unknown to the human mind 
either, but it is clouded with deep and thick mists, which 
become partly dispersed and clarified when we master 
some conclusions and get them so firmly established and 
so readily in our possession that we can run over them very 
rapidly. For, after all, what more is there to the square on 
the hypotenuse being equal to the squares on the other two 
sides, than the equality of two parallelograms on equal 
bases and between parallel lines? And is this not ultimately 
the same as the equality of two surfaces which when su- 
perimposed are not increased, but are enclosed within the 
same boundaries? Now these advances, which our intellect 
makes laboriously and step by step, run through the Divine 
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mind like light in an instant; which is the same as saying 
that everything is always present to it. 

I conclude from this that our understanding, as well in 
the manner as in the number of things understood, is infi- 
nitely surpassed by the Divine; but I do not thereby abase 
it so much as to consider it absolutely null. No, when I 
consider what marvelous things and how many of them 
men have understood, inquired into, and contrived, I rec- 
ognize and understand only too clearly that the human 
mind is a work of God’s, and one of the most excellent. 
SAGR. I myself have many times considered in the same 
vein what you are now saying, and how great may be the 
acuteness of the human mind. And when I run over the 
many and marvelous inventions men have discovered in 
the arts as in letters, and then reflect upon my own knowl- 
edge, I count myself little better than miserable. I am so far 
from being able to promise myself, not indeed the finding 
out of anything new, but even the learning of what has al- 
ready been discovered, that I feel stupid and confused, and 
am goaded by despair. If I look at some excellent statue, I 
say within my heart: “When will you be able to remove the 
excess from a block of marble and reveal so lovely a figure 
hidden therein? When will you know how to mix different 
colors and spread them over a canvas or a wall and repre- 
sent all visible objects by their means, like a Michelangelo, 
a Raphael, or a Titian?” Looking at what men have found 
out about arranging the musical intervals and forming pre- 
cepts and rules in order to control them for the wonderful 
delight of the ear, when shall I be able to cease my amaze- 
ment? What shall I say of so many and such diverse instru- 
ments? With what admiration the reading of excellent 
poets fills anyone who attentively studies the invention and 
interpretation of concepts! And what shall I say of archi- 
tecture? What of the art of navigation? 

But surpassing all stupendous inventions, what sublim- 
ity of mind was his who dreamed of finding means to com- 
municate his deepest thoughts to any other person, though 
distant by mighty intervals of place and time! Of talking 
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with those who are in India; of speaking to those who are 
not yet born and will not be born for a thousand or ten 
thousand years; and with what facility, by the different 
arrangements of twenty characters upon a page! 

Let this be the seal of all the admirable inventions of 
mankind and the close of our discussions for this day. The 
hottest hours now being past, I think that Salviati might 
like to enjoy our cool ones in a gondola; and tomorrow I 
shall expect you both so that we may continue the discus- 
sions now begun. 


END OF THE FIRST Day 


THE SECOND Day 


SALVIATI. Yesterday took us into so many and such great 
digressions twisting away from the main thread of our 
principal argument that I do not know whether I shall be 
able to go ahead without your assistance in putting me 
back on the track. 
SAGR. I am not surprised that you should find yourself in 
, some confusion, for your mind is as much filled and en- 
cumbered with what remains to be said as with what has 
been said. But I am simply a listener and have in my mind 
only the things I have heard, so perhaps I can put your dis- 
course back on its path by briefly outlining these for you. 
As I recall it, yesterday’s discourse may be summarized 
as a preliminary examination of the two following opin- 
ions as to which is the more probable and reasonable. The 
first holds the substance of the heavenly bodies to be in- 
generable, incorruptible, inalterable, invariant, and in a 
word free from all mutations except those of situation, and 
accordingly to be a quintessence most different from our 
generable, corruptible, alterable bodies. The other opin- 
ion, removing this disparity from the world’s parts, consid- 
ers the earth to enjoy the same perfection as other integral 
bodies of the universe; in short, to be a movable and a 
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moving body’no less than the moon, Jupiter, Venus, or any 
other planet. Later many detailed parallels were drawn be- 
tween the earth and the moon. More comparisons were 
made with the moon than with other planets, perhaps from 
our having more and better sensible evidence about the 
former by reason of its lesser distance. And having finally 
concluded this second opinion to have more likelihood 
than the other, it seems to me that our next step should be 
to examine whether the earth must be considered immov- . 
able, as most people have believed up to the present, or 
mobile, as many ancient philosophers believed and as oth- 
ers of more recent times consider it; and, if movable, what 
its motion may be. 
SALV. Now I know and recognize the signposts along our 
road. But before starting in again and going ahead, I ought 
to tell you that J question this last thing you have said, 
about our having concluded in favor of the opinion that 
the earth is endowed with the same properties as the heav- 
enly bodies. For I did not conclude this, just as I am not 
deciding upon any other controversial proposition. My in- 
tention was only to adduce those arguments and replies, as 
much on one,side as on the other—those questions and so- 
lutions which others have thought of up to the present 
time (together with a few which have occurred to me after 
long thought)—and then to leave the decision to the judg- 
ment of others. 
SAGR. I allowed myself to be carried away by my own 
sentiments, and believing that what I felt in my heart 
ought to be felt by others too, I made that conclusion uni- 
versal which should have been kept particular. This really | 
was an error on my part, especially as I do not know the 
views of Simplicio, here present. 
SIMP. I confess that all last night I was meditating on yes- 
terday’s material, and truly I find it to contain many beau- 
tiful considerations which are novel and forceful. Still, I am 
much more impressed by the authority of so many great 
: _ authors, and in particular . . . You shake your head, 
Sagredo, and smile, as if I had uttered some absurdity. 
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SAGR. I merely smile, but believe me, I am hardly able to 

keep from laughing, because I am reminded of a situation 

that I witnessed not many years ago together with some 

friends of mine, whom I could name to you for that matter. 

SALV. Perhaps you had better tell us about it so that Sim- 

plicio will not go on thinking your mirth was directed at 

him. 

SAGR. I'll be glad to. One day I was at the home of a very 

famous doctor in Venice, where many persons came on ac- A philoso- 
count of their studies, and others occasionally came out of ee 
curiosity to see some anatomical dissection performed by Snewer ae to 
a man who was truly no less learned than he was a careful where the 
and expert anatomist. It happened on this day that he was PUY" 

: pilex: cae ginate. 
investigating the source and origin of the nerves, about 

which there exists a notorious controversy between the 

Galenist and Peripatetic doctors. The anatomist showed 

that the great trunk of nerves, leaving the brain and pass- 

ing through the nape, extended on down the spine and 

then branched out through the whole body, and that only a_. Origin of 
single strand as fine as a thread arrived at the heart. Turn- the nerves 
: gee : according 
ing to a gentleman whom he knew to be a Peripatetic to Aristotle 
philosopher, and on whose account he had been exhibiting _ and accord- 
and demonstrating everything with unusual care, he asked ae 
this man whether he was at last satisfied and convinced 

that the nerves originated in the brain and not in the heart. 

The philosopher, after considering for awhile, answered: 

“You have made me see this matter so plainly and palpably 

that if Aristotle’s text were not contrary to it, stating 

clearly that the nerves originate in the heart, I should be 

forced to admit it to be true.” : 

Simp. Sir, I want you to know that this dispute as to the 

source of the nerves is by no means as settled and decided 

as perhaps some people like to think. 

SAGR. Doubtless it never will be, in the minds of such op- 

ponents. But what you say does not in the least diminish 

the absurdity of this Peripatetic’s reply; who, as a counter to 

sensible experience, adduced no experiment or argument 

of Aristotle’s, but just the authority of his bare zpse dzxit. 
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Simp. Aristotle acquired his great authority only because 
of the strength of his proofs and the profundity of his ar- 
guments. Yet one must understand him, and not merely 
understand him, but have such thorough familiarity with 
his books that the most complete idea of them may be 
formed, in such a manner that every saying of his is always 
before the mind. He did not write for the common people, 
nor was he obliged to thread his syllogisms together by the 
trivial ordinary method; rather, making use of the per- 
muted method, he has sometimes put the proof of a 
proposition among texts that seem to deal with other 
things. Therefore one must have a grasp of the whole 
grand scheme, and be able to combine this passage with 
that, collecting together one text here and another very 
distant from it. There is no doubt that whoever has this 
skill will be able to draw from his books demonstrations of 
all that can be known; for every single thing is in them. 
SAGR. My dear Simplicio, since having things scattered 
all over the place does not disgust you, and since you 
believe by the collection and combination of the various 
pieces you can draw the juice out of them, then what you 
and the other brave philosophers will do with Aristotle’s 
texts, I shall do with the verses of Virgil and Ovid, making 
centos of them and explaining by means of these all the 
affairs of men and the secrets of nature. But why do I 
speak of Virgil, or any other poet? I have a little book, 
much briefer than Aristotle or Ovid, in which is contained 
the whole of science, and with very little study one may 
form from it the most complete ideas. It is the alphabet, 
and no doubt anyone who can properly join and order this" 
or that vowel and these or those consonants with one an- 
other can dig out of it the truest answers to every ques- 
tion, and draw from it instruction in all the arts and 
sciences. Just so does a painter, from the various simple 
colors placed separately upon his palette, by gathering a 
little of this with a bit of that and a trifle of the other, de- 
pict men, plants, buildings, birds, fishes, and in a word rep- 
resent every visible object, without any eyes or feathers or 
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scales or leaves or stones being on his palette. Indeed, it is 
necessary that none of the things imitated nor parts of 
them should actually be among the colors, if you want to 
be able to represent everything; if there were feathers, for 
instance, these would not do to depict anything but birds 
or feather dusters. 
SALV. And certain gentlemen still living and active were 
present when a doctor lecturing in a famous Academy, 
upon hearing the telescope described but not yet having 
seen it, said that the invention was taken from Aristotle. 
Having a text fetched, he found a certain place where the 
reason is given why stars in the sky can be seen during day- 
time from the bottom of a very deep well. At this point the 
doctor said: “Here you have the well, which represents the 
tube; here the gross vapors, from whence the invention of 
glass lenses is taken; and finally here is the strengthening 
of the sight by the rays passing through a diaphanous 
medium which is denser and darker.” 
SAGR. This manner of “containing” everything that can 
be known is similar to the sense in which a block of marble 
contains a beautiful statue, or rather thousands of them; 
but the whole point lies in being able to reveal them. Even 
better we might say that it is like the prophecies of 
Joachim or the answers of the heathen oracles, which are 
understood only after the events they forecast have oc- 
curred. 
SALV. And why do you leave out the prophecies of the as- 
trologers, which are so clearly seen in horoscopes (or 
should we say in the configurations of the heavens) after 
their fulfillment? 
SaGR. It is in this way that the alchemists, led on by their 
madness, find that the greatest geniuses of the world never 
really wrote about anything except how to make gold; but 
in order to tell this without revealing it to the vulgar, this 
fellow in one manner and that one in another have whim- 
sically concealed it under various disguises. And a very 
amusing thing it is to hear their comments upon the an- 
cient poets, revealing the important mysteries hidden be- 


Invention of 
the tele- 
scope dug 
out of Aris- 
totle. 


Alchemists 
interpret 
the fables of 
poets into 
secrets for 
making 
gold. 


128 - The Second Day 


Some of 
Aristotle’s 
followers 
injure his 
reputation 
by trying 
too hard to 
increase it. 


hind their stories—what the loves of the moon mean, and 
her descent to the earth for Endymion; her displeasure 
with Acteon; the significance of Jupiter’s turning himself 
into a rain of gold, or into a fiery flame; what great secrets 
of the art there are in Mercury the interpreter, in Pluto’s 
kidnapings, and in golden boughs. 
SMP. I believe, and to some extent I know, that the world 
does not lack certain giddy brains, but their folly should 
not redound to the discredit of Aristotle, of whom it seems 
to me you sometimes speak with too little respect. His an- 
tiquity alone, and the mighty name he has acquired among 
so many men of distinguished mind, should be enough to 
earn him respect among all the learned. 
SALV. That is not quiteshow matters stand, Simplicio. 
Some of his followers are so excessively timid that they 
give us occasion (or more correctly would give us occasion 
if we credited their triflings) to think less of him. Tell me, 
are you so credulous as not to understand that if Aristotle 
had been present and heard this doctor who wanted to 
make him inventor of the telescope, he would have been 
much angrier with him than with those who laughed at this 
doctor and his interpretations? Is it possible for you to 
doubt that if Aristotle should see the new discoveries in 
the sky he would change his opinions and correct his books 
_and embrace the most sensible doctrines, casting away 
from himself those people so weak-minded as to be in- 
duced to go on abjectly maintaining everything he had 
ever said? Why, if Aristotle had been such a man as they 
imagine, he would have been a man of intractable mind, of 
obstinate spirit, and barbarous soul; a man of tyrannical _ 
will who, regarding all others as silly sheep, wished to have 
his decrees preferred over the senses, experience, and na- 
ture itself. It is the followers of Aristotle who have 
crowned him with authority, not he who has usurped or 
appropriated it to himself. And since it is handier to con- 
ceal oneself under the cloak of another than to show one’s 
face in open court, they dare not in their timidity get a sin- 
gle step away from him, and rather than put any alterations 
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into the heavens of Aristotle, they want to deny out of 
hand those that they see in nature’s heaven. 

-SAGR. Such people remind me of that sculptor who, hav- Amusing 
ing transformed a huge block of marble into the image of ¢#se of @ 
a Hercules or a thundering Jove, I forget which, and having tear 
with consummate art made it so lifelike and fierce that it 
moved everyone with terror who beheld it, he himself 
began to be afraid, though all its vivacity and power were 
the work of his own hands; and his terror was such that he 
no longer dared affront it with his mallet and chisel. 
SALV. I often wonder how it can be that these strict sup- 
porters of Aristotle’s every word fail to perceive how great 
a hindrance to his credit and reputation they are, and how 
the more they desire to increase his authority, the more 
they actually detract from it. For when I see them being 
obstinate about sustaining propositions which I personally 
know to be obviously false, and wanting to persuade me 
that what they are doing is truly philosophical and would 
be done by Aristotle himself, it much weakens my opinion 
that he philosophized correctly about other matters more 
recondite to me. If I saw them give in and change their 
opinions about obvious truths, I should believe that they 
might have sound proofs for those in which they persisted 
and which I did not understand or had not heard. 

‘SAGR. Or truly, if it seemed to them that they staked too 
much of their own reputation and of Aristotle’s in confess- 
ing that they did not know this or that conclusion discov- 
ered by someone else, would it not be a lesser evil for them 
to seek it among his texts by the collection of various of 
these according to the practice recommended by Simpli- 
cio? For if all things that can be known are in these texts, 
then it must follow that they can be discovered there. 
SALV. Sagredo, do not sneer at this prudent scheme, 
which it seems to me you propose sarcastically. For it is not 
Jong since a famous philosopher composed a book on the 
soul in which, discussing Aristotle’s opinion as to its mor- 
tality or immortality, he adduced many texts beyond those 
already quoted by Alexander. As to those, he asserted that 
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Aristotle was not even dealing with such matters there, let 
alone deciding anything about them, and he gave others 
which he himself had discovered in various remote places. 
and which tended to the damaging side. Being advised that 
this would make trouble for him in getting a license to 
publish it, he wrote back to his friend that he would never- 
theless get one quickly, since if no other obstacle came up 
he would have no difficulty altering the doctrine of Aris- 
totle; for with other texts and other expositions he could 
maintain the contrary opinion, and it would still agree 
with the sense of Aristotle. 

SaGR. Oh, what a doctor this is! I am his to command; for 
he will not let himself be imposed upon by Aristotle, but 
will lead him by the nose:and make him speak to his own 
purpose! See how important it is to know how to take time 
by the forelock! One ought not to get into the position of 
doing business with Hercules when he is under the Furies 
and enraged, but rather when he is telling stories among 
the Lydian maids. 

Oh, the inexpressible baseness of abject minds! To 
make themselves slaves willingly; to accept decrees as in- 
violable; to place themselves under obligation and to call 
themselves persuaded and convinced by arguments that 
are so “powerful” and “clearly conclusive” that they them- 
selves cannot tell the purpose for which they were written, 
or what conclusion they serve to prove! But let us call it a 
greater madness that among themselves they are even in 
doubt whether this very author held to the affirmative or 
the negative side. Now what is this but to make an oracle 
out of a log of wood, and run to it for answers; to fear it, re- 
vere it, and adore it? 

S1MP. But if Aristotle is to be abandoned, whom shall we 
have for a guide in philosophy? Suppose you name some 
author. 

SALV. We need guides in forests and in unknown lands, 
but on plains and in open places only the blind need 
guides. It is better for such people to stay at home, but any- 
one with eyes in his head and his wits about him could 
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serve as a guide for them. In saying this, I do not mean that 
a person should not listen to Aristotle; indeed, I applaud 
the reading and. careful study of his works, and I reproach 
only those who give themselves up as slaves to him in such 
a way as to subscribe blindly to everything he says and take 
it as an inviolable decree without looking for any other 
reasons. This abuse carries with it another profound disor- 
der, that other people do not try harder to comprehend the 
strength of his demonstrations. And what is more revolting 
in a public dispute, when someone is dealing with demon- 
strable conclusions, than to hear him interrupted by a text 
(often written to some quite different purpose) thrown 
into his teeth by an opponent? If, indeed, you wish to con- 
tinue in this method of studying, then put aside the name 
of philosophers and call yourselves historians, or memory 
experts; for it is not proper that those who never philoso- 
phize should usurp the honorable title of philosopher. 
But we had better get back to shore, lest we enter into a 
boundless ocean and not get out of it all day. So put for- 
ward the arguments and demonstrations, Simplicio—ei- 
ther yours or Aristotle’s—but not just texts and bare 
authorities, because our discourses must relate to the sen- 
sible world and not to one on paper. And since in yester- 
day’s argument the earth was lifted up out of darkness and 
exposed to the open sky, and the attempt to number it 
among the bodies we call heavenly was shown to be not so 
hopeless and prostrate a proposition that it remained with- 
out a spark of life, we should follow this up by examining 
that other proposition which holds it to be probable that 
the earth is fixed and utterly immovable as to its entire 


globe, and see what chance there is of making it movable, 


and with what motion. 

Now because I am undecided about this question, 
whereas Simplicio has his mind made up with Aristotle on 
the side of immovability, he shall give the reasons for his 
opinion step by step, and I the answers and the arguments 
of the other side, while Sagredo shall tell us the workings 
of his mind and the side toward which he feels it drawn. 
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SAGR. That suits me very well, provided that I retain the 
freedom to bring up whatever common sense may dictate 
to me from time to time. 

SALV. Indeed, I particularly beg you to " SO; fa I believe 
that writers on the subject have left out few of the easier 
and, so to speak, more material considerations, so that only 
those are lacking and may be wished for which are subtler 
and more recondite. And to look into these, what ingenu- 
ity can be more fitting than that of Sagredo’s acute and 
penetrating wit? 

SAGR. Describe me as you like, Salviati, but please let us 
not get into another kind of digression—the ceremonial. 
For now I am a philosopher, and am at school and not at 
court (al Broio). m 

SALV. Then let the beginning of our reflections be the 
consideration that whatever motion comes to be attributed 
to the earth must necessarily remain imperceptible to us 
and as if nonexistent, so long as we look only at terrestrial 
objects; for as inhabitants of the earth, we consequently 
participate in the same motion. But on the other hand it is 
indeed just as necessary that it display itself very generally 
in all other visible bodies and objects which, being sepa- 
rated from the earth, do not take part in this movement. So 
the true method of investigating whether any motion can 
be attributed to the earth, and if so what it may be, is to ob- 
serve and consider whether bodies separated from the 
earth exhibit some appearance of motion which belongs 
equally to all. For a motion which is perceived only, for ex- 
ample, in the moon, and which does not affect Venus or 
Jupiter or the other stars, cannot in any way be the earth’s 
or anything but the moon’s. 

Now there is one motion which is most general and 
supreme over all, and it is that by which the sun, moon, and 
all other planets and fixed stars—in a word, the whole uni- 
verse, the earth alone excepted—appear to be moved as a 
unit from east to west in the space of twenty-four hours. 
This, in so far as first appearances are concerned, may just 
as logically belong to the earth alone as to the rest of the 
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universe, since the same appearances would prevail as 

much in the one situation as in the other. Thus it is that 

Aristotle and Ptolemy, who thoroughly understood this 

consideration, in their attempt to prove the earth immov- 

able do not argue against any other motion than this diur- 

nal one, though Aristotle does drop a hint against another 

motion ascribed to it by an ancient writer, of which we 

shall speak in the proper place. : 

SAGR. I am quite convinced of the force of your argu- 

ment, but it raises a question for me from which J do not 

know how to free myself, and it is this: Copernicus attrib- 

uted to the earth another motion than the diurnal. By the 

rule just affirmed, this ought to remain imperceptible to 

all observations on the earth, but be visible in the rest of 

the universe. It seems to me that one may deduce as a nec- 

essary consequence either that he was grossly mistaken in 

assigning to the earth a motion corresponding to no ap- 

pearance in the heavens generally, or that if the corre- 

spondent motion does exist, then Ptolemy was equally at 

fault in not explaining it away, as he explained away the 

other. 

SALV. This is very reasonably questioned, and when we 

come to treat of the other movement you will see how 

greatly Copernicus surpassed Ptolemy in acuteness and 

penetration of mind by seeing what the latter did not—I 

mean the wonderful correspondence with which such a 

movement is reflected in all the other heavenly bodies. But 

let us postpone this for the present and return to the first 

consideration, with respect to which I shall set forth, com- 

mencing with the most general things, those reasons which 

seem to favor the earth’s motion, so that we may then hear Why the 

their refutation from Simplicio. die 

. motion 

First, let us consider only the immense bulk of the must more 

starry sphere in contrast with the smallness of the terres- probably 
é pe: a ; : belong to 

trial globe, which is contained in the former so many mil- 4 cach 

lions of times. Now if we think of the velocity of motion _ than to the 

required to make a complete rotation in a single day and aa 

night, I cannot persuade myself that anyone could be 
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found who would think it the more reasonable and credi- 
ble thing that it was the celestial sphere which did the 
turning, and the terrestrial globe which remained fixed. 
SaGR. If, throughout the whole variety of effects that 
could exist in nature as dependent upon these motions, all 
the same consequences followed indifferently to a hairs- 
breadth from both positions, still my first general impres- 
sion of them would be this: I should think that anyone who 
considered it more reasonable for the whole universe to 
move in order to let the earth remain fixed would be more 
irrational than one who should climb to the top of your 
cupola just to get a view of the city and its environs, and 
then demand that the whole countryside should revolve 
around him so that he wauld not have to take the trouble 
to turn his head. Doubtless there are many and great ad- 
vantages to be drawn from the new theory and not from 
the previous one (which to my mind is comparable with or 
even surpasses the above in absurdity), making the former 
more credible than the latter. But perhaps Aristotle, 
Ptolemy, and Simplicio ought to marshal their advantages 
against us and set them forth, too, if such there are; other- 
wise it will be clear to me that there are none and cannot 
be any. 

SALV. Despite much thinking about it, I have not been 
able to find any difference, so it seems to me I have found 
that there can be no difference; hence | think it vain to,seek 
one further. For consider: Motion, in so far as it is and acts 
as motion, to that extent exists relatively to things that lack 
it; and among things which all share equally in any motion, 
it does not act, and is as if it did not exist. Thus the goods 
with which a ship is laden leaving Venice, pass by Corfu, 
by Crete, by Cyprus and go to Aleppo. Venice, Corfu, 
Crete, etc. stand still and do not move with the ship; but as 
to the sacks, boxes, and bundles with which the boat is 
laden and with respect to the ship itself, the motion from 
Venice to Syria is as nothing, and in no way alters their re- 
lation among themselves. This is so because it is common 
to all of them and all share equally in it. If, from the cargo 
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in the ship, a sack were shifted from a chest one single inch, 

this alone would be more of a movement for it than the 
two-thousand-mile journey made by all of them together. 

SIMP. This is good, sound doctrine, and entirely Peri- 

patetic. : | 

SALV. I should have thought it somewhat older. And I 

question whether Aristotle entirely understood it when se- Proposition 
lecting it from some good school of thought, and whether “sae 
he has not, by altering it in his writings, made it a source of nee 
confusion among those who wish to maintain everything ancients but 
he said. When he wrote that everything which is moved is a EY 
moved upon something immovable, I think he only made 

equivocal the saying that whatever moves, moves with re- 

spect to something motionless. This proposition suffers no 
difficulties at all, whereas the other has many. 

SAGR. Please do not break the thread, but continue with 

the argument already begun. 

SALV. It is obvious, then, that motion which is common to 

many moving things is idle and inconsequential to the re- 

lation of these movables among themselves, nothing being 

changed among them, and that it is operative only in the 

relation that they have with other bodies lacking that mo- First argu- 
tion, among which their location is changed. Now, having ™°r" om 
divided the universe into two parts, one of which is neces- eas. 
sarily movable and the other motionless, it is the same _ tion to be 
thing to make the earth alone move, and to move all the ‘eats 
rest of the universe, so far as concerns any result which 

may depend upon such movement. For the action of such 

a movement is only in the relation between the celestial 

bodies and the earth, which relation alone is changed. Now 

if precisely the same effect follows whether the earth is 

made to move and the rest of the universe stay still, or the 

earth alone remains fixed while the whole universe shares 

one motion, who is going to believe that nature (which by 

general agreement does not act by means of many things 

when it can do so by means of few) has chosen to make an 

immense number of extremely large bodies move with in- 
conceivable velocities, to achieve what could have been 
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done by a moderate movement of one single body around 
its own center? 

Simp. I do not quite understand how this very great 
motion is as nothing for the sun, the moon, the other 
planets, and the innumerable host of the fixed stars. Why 
do you say it is nothing for the sun to pass from one 
meridian to the other, rise above this horizon and sink be- 
neath that, causing now the day and now the night; and 
for the moon, the other planets, and the fixed stars to vary 
similarly? 

SALV. Every one of these variations which you recite to 
me is nothing except in relation to the earth. To see that 
this is true, remove the earth; nothing remains in the uni- 
verse of rising and setting of the sun and moon, nor of 
horizons and meridians, nor day and night, and in a word 
from this movement there will never originate any changes 
in the moon or sun or any stars you please, fixed or mov- 
ing. All these changes are in relation to the earth, all of 
them meaning nothing except that the sun shows itself 
now over China, then to Persia, afterward to Egypt, to 
Greece, to France, to Spain, to America, etc. And the same 
holds for the moon and the rest of the heavenly bodies, this 
effect taking place in exactly the same way if, without em- 
broiling the biggest part of the universe, the terrestrial 
globe is made to revolve upon itself. 

And let us redouble the difficulty with another very 
great one, which is this. If this great motion is attributed to 
the heavens, it has to be made in the opposite direction 
from the specific motion of all the planetary orbs, of which 
each one incontrovertibly has its own motion from west to 
east, this being very gentle and moderate, and must then - 
be made to rush the other way; that is, from east to west, 
with this very rapid diurnal motion. Whereas by making 
the earth itself move, the contrariety of motions is re- 
moved, and the single motion from west to east accommo- 
dates all the observations and satisfies them all completely. 
SIMP. As to the contrariety of motions, that would matter 
little, since Aristotle demonstrates that circular motions 
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_ are not contrary to one another, and their opposition can- Circular 

not be called true contrariety. oe 

SALV. Does Aristotle demonstrate that, or does he just say « trary, ac- 

it because it suits certain designs of his? If, as he himself ¢ording to 
: : : Aristotle. 

declares, contraries are those things which mutually de- 

stroy each other, I cannot see how two movable bodies 

meeting each other along a circular line conflict any less 

than if they had met along a straight line. 

SAGR. Please stop a moment. Tell me, Simplicio, when 

two knights meet tilting in an open field, or two whole 

squadrons, or two fleets at sea go.to attack and smash and 

sink each other, would you call their encounters contrary 

to one another? 

Simp. I should say they were contrary. 

SAGR. Then why are two circular motions not contrary? 

Being made upon the surface of the land or sea, which as 

you know is spherical, these motions become circular. Do 

you know what circular motions are not contrary to each 

other, Simplicio? They are those of two circles which 

touch from the outside; one being turned, the other natu- 

rally moves the opposite way. But if one circle should be 

inside the other, it is impossible that their motions should 

be made in opposite directions without their resisting each 

other. 

SALV. “Contrary” or “not contrary,” these are quibbles 

about words, but I know that with facts it is a much simpler 

and more natural thing to keep everything with a single 

motion than to introduce two, whether one wants to call 

them contrary or opposite. But I do not assume the intro- 

duction of two to be impossible, nor do I pretend to draw a 

necessary proof from this; merely a greater probability. 

The improbability is shown for a third time in the relative Third con- 

disruption of the order which we surely see existing among ee Ts 

those heavenly bodies whose circulation is not doubtful, 

but most certain. This order is such that the greater orbits Larger or- 

complete their revolutions in longer times, and the lesser - bits have 

A me e longer 

in shorter; thus Saturn, describing a greater circle thanthe 5. eof 

other planets, completes it in thirty years; Jupiter revolves circulation. 
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in its smaller one in twelve years, Mars in two; the moon 
covers its much smaller circle in a single month. And we 
see no less sensibly that of the satellites of Jupiter (stelle, 
Medicee), the closest one to that planet makes its revolution 
in a very short time, that is in about forty-two hours, the 
next, in three and a half days; the third in seven days and 
the most distant in sixteen. And this very harmonious trend 

will not be a bit altered if the earth is made to move on it- 

self in twenty-four hours. But if the earth is desired to re- 

main motionless, it is necessary, after passing from the brief 
period of the moon to the other consecutively larger ones, 

and ultimately to that of Mars in two years, and the greater 
one of Jupiter in twelve, and from this to the still larger one 

of Saturn, whose period is thirty years—it is necessary, I 

say, to pass on beyond to another incomparably larger 
sphere, and make this one finish an entire revolution in 

twenty-four hours. Now this is the minimum disorder that 
can be introduced, for if one wished to pass from Saturn’s 

sphere to the stellar, and make the latter so much greater 
than Saturn’s that it would proportionally be suited to a 

very slow motion of many thousands of years, a much 

greater leap would be required to pass beyond that to a still 

larger one and then make that revolve in twenty-four 
hours. But by giving mobility to the earth, order becomes 

very well observed among the periods; from the very slow 
sphere of Saturn one passes on to the entirely immovable 
fixed stars, and manages to escape a fourth difficulty neces- 

sitated by supposing the stellar sphere to be movable. This 

difficulty is the immense disparity between the motions of 
the stars, some of which would be moving very rapidly in 
vast circles, and others very slowly in little tiny circles, ac- 
cording as they are located farther from or closer to the 

poles. This is indeed a nuisance, for just as we see that all 

those bodies whose motion is undoubted move in large cir- 

cles, so it would not seem to have been good judgment to 

arrange bodies in such a way that they must move circu- 

larly at immense distances from the center, and then make , 
them move in little tiny circles. 
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Not only will the size of the circles and consequently Motions of 
the velocities of motion of these stars be very diverse the fixed 
from the orbits and motions of some others, but (and this ane 
shall be the fifth difficulty) the same stars will keep and again 
changing their circles and their velocities, since those a _ 
which two thousand years ago were on the celestial equa- sphere is 
tor, and which consequently described great circles with ™ovable. 
their motion, are found in our time to be many degrees 
distant, and must be made slower in motion and reduced 
to moving in smaller circles. Indeed, it is not impossible 
that a time will come when some of the stars which in 
the past have always been moving will be reduced, by 
reaching the pole, to holding fast, and then after that time 
will start moving once more; whereas all those stars 
which certainly do move describe, as I said, very large 
circles in their orbits and are unchangeably preserved in 
them. 

For anyone who reasons soundly, the unlikelihood is in- ’ Sixth con- 
creased—and this is the sixth difficulty—by the incom- "ation. 
prehensibility of what is called the “solidity” of that very 
vast sphere in whose depths are firmly fixed so many stars 
which, without changing place in the least among them- 
selves, come to be carried around so harmoniously with 
such a disparity of motions. If, however, the heavens are 
fluid (as may much more reasonably be believed) so that 
each star roves around in it by itself, what law will regulate 
their motion so that as seen from the earth they shall ap- 
pear as if made into a single sphere? For this to happen, it 
seems to’ me that it is as much more effective and conve- 
nient to make them immovable than to have them roam 
around, as it is easier to count the myriad tiles set in a 
courtyard than to number the troop of children running 
around on them. 

Finally, for the seventh objection, if we attribute the di- Seventh 
urnal rotation to the highest heaven, then this has to be meal 
made of such strength and power as to carry with it the in- 
numerable host of fixed stars, all of them vast bodies and 
much larger than the earth, as well as to carry along the 
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planetary orbs despite the fact that the two move naturally 
in opposite ways. Besides this, one must grant that the ele- 
ment of fire and the greater part of the air are likewise 
hurried along, and that only the little body of the earth re- 
mains defiant and resistant to such power. This seems to 
me to be most difficult; I do not understand why the earth, 
a suspended body balanced on its center and indifferent to 
motion or to rest, placed in and surrounded by an enclos- 
ing fluid, should not give in to such force and be carried 
around too. We encounter no such objections if we give 
the motion to the earth, a small and trifling body in com- 
parison with the universe, and hence unable to do it any 
violence. 

SAGR. I am aware of some ideas whirling around in my 
own imagination which have been confusedly roused in 
me by these arguments. If I wish to keep my attention on 
the things about to be said, I shall have to try to get them 
in better order and to place the proper construction upon 
them, if possible. Perhaps it will help me to express myself 
more easily if I proceed by interrogation. Therefore I ask 
Simplicio, first, whether he believes that the same simple 
movable body can naturally partake of diverse movements, 
or whether only a single motion suits it, this being its own 
natural one? 

S1MP. For a simple movable body there can be but a single 
motion, and no more, which suits it naturally; any others it 
can possess only incidentally and by participation. Thus 
when a man walks along the deck of a ship, his own motion 
is that of walking, while the motion which takes him to 
port is his by participation; for he could never arrive there 
by walking if the ship did not take him there by means of 
its motion. 

SAGR. Second, tell me about this motion which is com- 
municated to a movable body by participation, when it it- 
self is moved by some other motion different from that in 
which it participates. Must this shared motion in turn re- 
side in some subject, or can it indeed exist in nature with- 
out other support? 
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SIMP. Aristotle answers all these questions for you. He 
tells you that just as there is only one motion for one moy- 
able body, so there is but one movable body for that mo- 
tion. Consequently no motion can either exist or even be 
imagined except as inhering in its subject. 

SAGR. Now in the third place I should like you to tell me 
whether you believe that the moon and the other planets 
and celestial bodies have their own motions, and what 
these are. 

Simp. They have, and they are those motions in accor- 
dance with which they run through the zodiac—the moon 
in a month, the sun in a year, Mars in two, the stellar 
sphere in so many thousands. These are their own natural 
" motions. : 

SAGR. Now as to that motion with which the fixed stars, 
and with them all the planets, are seen rising and setting 
and returning to the east every twenty-four hours. How 
does that belong to them? 

Simp. They have that by participation. 

SAGR. Then it does not reside in them; and neither resid- 
ing in them, nor being able to exist without some subject to 
reside in, it must be made the proper and natural motion of 
some other sphere. 

Simp. As to this, astronomers and philosophers have dis- 
covered another very high sphere, devoid of stars, to which 
the diurnal rotation naturally belongs. To this they have 
given the name primum mobile; this speeds along with it all 


the inferior spheres, contributing to and sharing with them ° 


its motion. 

SAGR. But when all things can proceed in most perfect 
harmony without introducing other huge and unknown 
spheres; without other movements or imparted speedings; 
with every sphere having only its simple motion, unmixed 
with contrary movements, and with everything taking 
place in the same direction, as must be the case if all de- 
pend upon a single principle, why reject the means of 
doing this, and give assent to such outlandish things and 
such labored conditions? 


Motion 
does not 
exist with- 
out a mov- 
able subject. 
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SIMP. The point is to find a simple and ready means. 
SAGR. This seems to me to be found, and quite elegantly. 
Make the earth the primum mobile; that is, make it revolve 
upon itself in twenty-four hours in the same way as all the 
other spheres. Then, without its imparting such a motion 
to any other planet or star, all of them will have their ris- 
ings, settings, and in a word all their other appearances. 
SiMP. The crucial thing is being able to move the earth 
without causing a thousand inconveniences. 

SALV. Allinconveniences will be removed as you propound 
them. Up to this point, only the first and most general rea- 
sons have been mentioned which render it not entirely im- 
probable that the daily rotation belongs to the earth rather 
than to the rest of the universe. Nor do I set these forth to 
you as inviolable laws, but merely as plausible reasons. For I 
understand very well that one single experiment or conclu- 
sive proof to the contrary would suffice to overthrow both 
these and a great many other probable arguments. So there 
is no need to stop here; rather let us proceed ahead and hear 
what Simplicio answers, and what greater probabilities or 
firmer arguments he adduces on the other side. 

Simp. First I shall say some things in general about all 
these considerations taken together, and then get down to 
certain particulars. 

It seems to me that you base your case throughout upon 
the greater ease and simplicity of producing the same ef- 
fects. As to their causation, you consider the moving of the 
earth alone equal to the moving of all the rest of the uni- 
verse except the earth, while from the standpoint of ac- 
tion, you consider the former much easier than the latter. 
To this I answer that it seems that way to me also when I 
consider my own powers, which are not finite merely, but 
very feeble. But with respect to the power of the Mover, — 
which is infinite, it is just as easy to move the universe as 
the earth, or for that matter a straw. And when the power is 
infinite, why should not a great part of it be exercised 
rather than a small? From this it appears to me that the 
general argument is ineffective. 


‘ 
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SALV. If I had ever said that the universe does not move 
because of any lack of power in the Mover, I should have 
been mistaken, and your correction would be opportune; I 
grant you that it is as easy for an infinite force to move a 
hundred thousand things as to move one. But what I have 
been saying was with regard not to the Mover, but only the 
movables; and not with regard to their resistance alone, 
which is certainly less for the earth than for the universe, 
but with regard to other particulars considered just now. 
_ Next, as to your saying that a great part of an infinite 
power may better be exercised than a small part, I reply to FOP enes- 
you that one part of the infinite is not greater than another, _ ite, one 
when both are finite; nor can it be said of an infinite num- eet 
ber that a hundred thousand is a greater part than two is, another, 
though the former is fifty thousand times as great as the - sre 2 
latter. And if what is required in order to move the uni-: pe Rael 
verse is a finite power, then even though this would be very among 
large in comparison with what would be required to move eo 
the earth alone, nevertheless a greater part of the infinite 
power would not thereby be employed, nor would that 
which remained idle be less than infinite. Hence to apply a 
little more or less power for a particular effect is insignifi- 
cant. Besides, the operations of such power do not have for 
their end and goal the diurnal movement alone, for there 
are many other motions of the universe that we know of, 
and there may be very many more unknown to us. 
Giving our attention, then, to the movable bodies, and 
not questioning that it is a shorter and readier operation to 
move the earth than the universe, and paying attention to 
the many other simplifications and conveniences that fol- 
low from merely this one, it is much more probable that 
the diurnal motion belongs to the earth alone than to the 
rest of the universe excepting the earth. This is supported 
by a very true maxim of Aristotle’s which teaches that frus- 
tra fit per plura quod potest fiert per pauctora. 
SiMpP. In referring to this axiom you have left out one lit- 
tle clause that means everything, especially for our present 
purposes. The detail left out is aeque bene; hence it is neces- 
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sary to examine whether both assumptions can satisfy us 
equally well in every respect. 

SALV. Finding out whether both positions satisfy us 
equally well will be included in the detailed examination 
of the appearances which they have to satisfy. For we have 
argued ex Aypothesi up to now, and will continue to argue so, 
assuming that both positions are equally adapted to the 
fulfillment of all the appearances. So I suspect that this de- 
tail which you declare to have been omitted by me was 
rather superfluously added by you. Saying “equally well” 
names a relation, which necessarily requires at least two 
terms, one thing not being capable of being related to it- 
self; one cannot say, for example, that quiet is equally good 
with quiet. Therefore to say: “It is pointless to use many to 


- accomplish what may be done with fewer” implies that 


what is to bé done must be the same thing, and not two dif- 
ferent things. And because the same thing cannot be said to 
be equally well done with itself, the addition of the phrase 
“equally well” is superfluous, and a relation with only one 
term. 

SAGR. If we do not want to repeat what happened yester- 
day, please get back to the point; and you, Simplicio, begin 
producing those difficulties that seem to you to contradict 
this new arrangement of the universe. 

Simp. The arrangement is not new; rather, it is most an- 
cient, as is shown by Aristotle refuting it, the following 
being his refutations: 

“First, whether the earth is moved either in itself, being 
placed in the center, or in a circle, being removed from the 
center, it must be moved with such motion by force, for 
this is not its natural motion. Because if it were, it would 
belong also to all its particles. But every one of them is 
moved along a straight line toward the center. Being thus 
forced and preternatural, it cannot be everlasting. But the 
world order is eternal; therefore, etc. 

“Second, it appears that all other bodies which move 
circularly lag behind, and are moved with more than one 
motion, except the primum mobile. Hence it would be nec- 
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essary that the earth be moved also with two motions; and 
if that were so, there would have to be variations in the 
fixed stars. But such are not to be seen; rather, the same 
Stars always rise and set in the same place without any 
variations. 

“Third, the natural motion of the parts and of the 
whole is toward the center of the universe, and for that 
reason also it rests therein.” He then discusses the question 
whether the motion of the parts is toward the center of the 
universe or merely toward that of the earth, concluding 
that their own tendency is to go toward the former, and 
that only accidentally do they go toward the latter, which 
question was argued at length yesterday. 

Finally he strengthens this with a fourth argument 
taken from experiments with heavy bodies which, falling 
from a height, go perpendicularly to the surface of the 
earth. Similarly, projectiles thrown vertically upward come 
down again perpendicularly by the same line, even though 
they have been thrown to immense height. These argu- 
ments are necessary proofs that their motion is toward the 
center of the earth, which, without moving in the least, 
awaits and receives them. 

He then hints at the end that astronomers adduce other 
reasons in confirmation of the same conclusions—that the 
earth is in the center of the universe and immovable. A sin- 
gle one of these is that all the appearances seen in the 
movements of the stars correspond with this central posi- 
tion of the earth, which correspondence they would not 
otherwise possess. The others, adduced by Ptolemy and 
other astronomers, I can give you now if you like; or after 
you have said as much as you want to in reply to these of 
Aristotle. 

SALV. The arguments produced on this matter are of two 
kinds. Some pertain to terrestrial events without relation 
to the stars, and others are drawn from the appearances 
and observations of celestial things. Aristotle’s arguments 
are drawn mostly from the things around us, and he 
leaves the others to the astronomers. Hence it will be 
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good, if it seems so to you, to examine those taken from 
earthly experiments, and thereafter we shall see to the 
other sort. And since some such arguments are adduced 
by Ptolemy, Tycho, and other astronomers and philoso- 
phers, in addition to their accepting, confirming, and sup- 
porting those of Aristotle, these may all be taken together 
in order not to have to give the same or similar answers 
twice. Therefore, Simplicio, present them, if you will; or, 
if you want me to relieve you of that burden, J am at your 
service. 
Simp. It will be better for you to bring them up, for having 
given them greater study you will have them readier at 
hand, and in great number too. 

SALv. As the strongest reason of all is adduced that of 
heavy bodies, which, falling down from on high, go by a 
straight and vertical line to the surface of the earth. This is 
considered an irrefutable argument for the earth being 
motionless. For if it made the diurnal rotation, a tower 
from whose top a rock was let fall, being carried by the 
whirling of the earth, would travel many hundreds of 
yards to the east in the time the rock would consume in its 
fall, and the rock ought to strike the earth that distance 
away from the base of the tower. This effect they support 
with another experiment, which is to drop a lead ball from 
the top of the mast of a boat at rest, noting the place where 
it hits, which is close to the foot of the mast; but if the same 
ball is dropped from the same place when the boat is mov- 
ing, it will strike at that distance from the foot of the mast 
which the boat will have run during the time of fall of the 
lead, and for no other reason than that the natural move- 
ment of the ball when set free is in a straight line toward 
the center of the earth. This argument is fortified with the 
experiment of a projectile sent a very great distance up- 
ward; this might be a ball shot from a cannon aimed per- 
pendicular to the horizon. In its flight and return this 
consumes so much time that in our latitude the cannon 
and we would be carried together many miles eastward by 
the earth, so that the ball, falling, could never come back 
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near the gun, but would fall as far to the west as the earth 
had run on ahead. 

They add moreover the third and very effective experi- 
ment of shooting a cannon ball point-blank to the east, and 
then another one with equal charge at the same elevation 


to the west; the shot toward the west ought to range a great | 


deal farther out than the other one to the east. For when 
the ball goes toward the west, and the cannon, carried by 
the earth, goes east, the ball ought to strike the earth at a 
distance from the cannon equal to the sum of the two mo- 
tions, one made by itself to the west, and the other by the 
gun, carried by the earth, toward the east. On the other 
hand, from the trip made by the ball shot toward the east it 
would be necessary to subtract that which was made by the 
cannon following it. Suppose, for example, that the journey 
made by the ball in itself was five miles and that the earth 
in that latitude traveled three miles during the flight of 
the ball; in the shot toward the west, the ball would fall to 
earth eight miles distant from the gun—that is, its own five 
toward the west and the gun’s three to the east. But the shot 
toward the east would range no further than two miles, 
which is all that remains after subtracting from the five of 
the shot the three of the gun’s motion toward the same 
place. Now experiment shows the shots to fall equally; 
therefore the cannon is motionless, and consequently the 
earth is, too. Not only this, but shots to the south or north 
likewise confirm the stability of the earth; for they would 
never hit the mark that one had aimed at, but would always 
slant toward the west because of the travel that would be 
made toward the east by the target, carried by the earth 
while the ball was in the air. And not merely shots along 
the meridians, but even those made to the east or west 


would not range truly; for the easterly shots would carry: 


high and the westerly low whenever they were aimed 
point-blank. Since the shots in both directions take the 
path of a tangent—that is, a line parallel to the horizon— 
and the horizon is always falling away to the east and rising 
in the west if the diurnal motion belongs to the earth 
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(which is why the eastern stars appear to rise and the west- 
ern stars to set), it follows that the target to the east would 
drop away under the shot, wherefore the shot would range 
high, and the rising of the western target would make the 
shot to the west low. Hence in no direction would shooting 
ever be accurate; and since experience is contrary to this, it 
must be said that the earth is immovable. 

Simp. Oh, these are excellent arguments, to which it will 
be impossible to find a valid answer. 

SALV. Perhaps they are new to you? 

SMP. Yes, indeed, and now I see with how many elegant 
experiments nature graciously wishes to aid us in coming 
to the recognition of the truth. Oh, how well one truth ac- 
cords with another, and how all cooperate to make them- 
selves indomitable! . 

SAGR. What a shame there were no cannons in Aristotle’s 
time! With them he would indeed have battered down ig- 
norance, and spoken without the least hesitation concern- 
ing the universe. 

SALV. It suits me very well that these arguments are new to 
you, for now you will not remain of the same opinion as most 
Peripatetics, who believe that anyone who departs from 
Aristotle’s doctrine must therefore have failed to under- 
stand his proofs. But you will certainly see further novelties, 
you will hear the followers of the new system producing 
observations, experiments, and arguments against it more 
forcible than those adduced by Aristotle and Ptolemy and 
the other opponents of the same conclusions. Thus you will 
become assured that it is not through ignorance or inexpe- 
rience that they have learned to adhere to such opinions. 
SAGR. This is the time for me to tell you a few of the 
things that happened to me when I first began to hear these 
opinions spoken of. I was then a youth who had scarcely 
finished the course in philosophy, giving this up in order to 
apply myself to other activities. It happened that a certain 
foreigner from Rostock, whose name I believe was Chris- 
tian Wursteisen, a supporter of the Copernican opinion, 
arrived in these parts and gave two or three lectures in an 
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academy on this subject. He had a throng of hearers, more 
from the novelty of the subject than for any other reason, I 
think. I did not attend them, having formed a definite im- 
pression that this opinion could be nothing but solemn 
foolery. Later, asking about it from some who had gone, I 
heard them all making a joke of it except one, who told me 
that the matter was not entirely ridiculous. Since I consid- 
ered this person an intelligent man and rather conserva- 
tive, I was sorry that I had not gone; and from then on, as I 
happened from time to time to meet anyone who held the 
Copernican opinion, I asked him whether he had always 
believed in it. Among all the many whom I questioned, I 
found not a single one who did not tell me that he had long 
been of the contrary opinion, but had come over to this 
one, moved and persuaded by the force of its arguments. 
Examining them one by one then, to see how well they had 
mastered the arguments on the other side, I found them all 
to have these ready at hand, so that I could not truly say 
that they had forsaken that position out of ignorance or 
vanity or, so to speak, to show off their cleverness. On the 
other hand, so far as I questioned the Peripatetics and the 
Ptolemaics (for out of curiosity I asked many of them) 
how much they had studied Copernicus’s book, I found 
very few who had so much as seen it, and none who I be- 
lieved understood it. Moreover I tried to find out from the 
followers of the Peripatetic doctrine whether any of them 
had ever held the other opinion, and likewise found none. 
From this, considering that everyone who followed the 
opinion of Copernicus had at first held the opposite, and 
was very well informed concerning the arguments of Aris- 
totle and Ptolemy, and that on the other hand none of the 
followers of Ptolemy and Aristotle had been formerly of 
the Copernican opinion and had left that to come round to 
Aristotle’s view—considering these things, I say, I com- 
menced to believe that one who forsakes an opinion which 
he imbibed with his milk and which is supported by multi- 
tudes, to take up another that has few followers and is re- 
jected by all the schools and that truly seems to be a 
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gigantic paradox, must of necessity be moved, not to say 
compelled, by the most effective arguments. This made me 
very curious to get to the bottom of this matter. And I con- 
sider it great fortune to have met you two, from whom 
without any trouble I can hear everything that has been 
said—perhaps all that can be said—on this subject, certain 
that I ought by virtue of your reasonings to be lifted out of 
doubt and put into a position of certainty. . 
Simp. Nevertheless your opinion and your hope may be 
mistaken, for in the end you may find yourself more con- 
fused than ever. 

SAGR. It seems to me impossible for that to happen. 
Simp. Why not? I am good evidence myself; for the farther 
on this goes, the more cgnfused I become. 

SAGR. This is a sign that those arguments which have 
until now seemed conclusive to you, and which seemed to 
give you assurance of the correctness of your opinion, are 
beginning to change their aspect in your mind; by degrees 
they are allowing you to incline, if not pass over, to the 
contrary one. But I, who up to the. present have been quite 
undecided, am very confident that I shall arrive at satisfac- 
tion and assurance, nor will you yourself contradict me in 
this if you will but hear what it is that gives me hope. 
StMpP. I shall be glad to hear it, and it would please me no 
less to have it work upon me in the same way. 

SAGR. Then be so good as to answer a few questions. Tell 
me first, Simplicio: Is not this the conclusion we are seek- 
ing to understand—whether it should be held with Aris- 
totle and Ptolemy that the earth alone remains fixed in the’ 
center of the universe while all the celestial bodies move, 
or on the other hand that the stellar sphere remains fixed 
with the sun in its center, the earth being located else- 
where and having the motions which appear to be those of 
the sun and the fixed stars? 

SIMP. These are the conclusions about which we are de- 
bating. 

SAGR. Are not these two conclusions such that one must 
needs be true, and the other false? 
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Simp. Such they are; we are in a dilemma, one side of 
which must necessarily be true and the other false. For be- 
tween motion and rest, which are contradictories, there is 
no middle ground (as if one might say the earth neither 
moves nor stands still; the sun and the stars do not move 
and do not stand still). 
SAGR. What kind of things are the earth, the sun, and the 
stars in nature? Are they trifling things, or important? 
Simp. They are principal bodies; most noble, integral 
- parts of the universe; very vast, and most important. 
SAGR. And what kind of natural events are motion and 
rest? 
Simp. So great and basic that nature itself is defined by 
them. 
SAGR. So that moving eternally and being completely im- 
movable are two very important conditions in nature, show 
the very greatest dissimilarity, and are the main attributes 
of the chief bodies in the universe. Consequently from 
‘them only the most different results can follow. 
SIMP. This is surely so. 
SAGR. Now answer me on one other point. Do you believe 
that in dialectics, in rhetoric, in physics, metaphysics, 
mathematics, or finally in the generality of reasonings, 
there are arguments sufficiently powerful and demonstra- 
tive to persuade anyone of false no less than true conclu- 
sions? 
S1MP. By no means. Rather, I take it to be definite and cer- 
tain that for the proof of a true and necessary conclusion 
there are in nature not merely one but very many power- 
ful demonstrations, and that such a proposition can be dis- 
cussed and turned about and subjected to thousands of 
comparisons without ever falling into any absurdity, and 
that the more any sophist wants to becloud it, the clearer 
its certainty will always become. I believé on the other 
hand that to make a false proposition appear true and con- 
vincing, nothing can be adduced but fallacies, sophisms, 
paralogisms, quibbles, and silly inconsistent arguments full 
of pitfalls and contradictions. 
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SAGR. Very well. Eternal motion and permanent rest are 
such important events in nature and so very different from 
each other that only the most diverse consequences can 
depend upon them, especially when applied to such vast 
and significant bodies in the universe as the sun and the 
earth. Aind it is impossible that one of two contradictory 
propositions should not be true and the other false. Now if 
it is further impossible to adduce in proof of the false 
proposition anything but fallacies, while the true one may 
be proved by all manner of conclusive and demonstrative 
arguments, how could you suppose that whichever one of 
you approaches me in support of the true proposition 
would not have me convinced? I should have to be stupid 
indeed, warped in judgment, thick-witted, and blind to 
reason, not to distinguish light from darkness, jewels from 
coals, truth from falsity. 
Simp. I tell you, as I have told you on other occasions, that 
the greatest master there has been for teaching the recog- 
nition of sophisms, paralogisms, and other fallacies is Aris- 
totle, who in this particular can never be mistaken. 
SAGR. You are only angry that Aristotle cannot speak; yet 
I tell you that if Aristotle were here he would either be 
convinced by us. or he would pick our arguments to pieces 
and persuade us with better ones. For look: Did not you 
yourself, upon hearing the experiments with cannons de- 
scribed, understand and admire them, and confess them 
more conclusive than Aristotle’s arguments? Yet I do not 
hear Salviati, who put them forward and who has surely 
examined them and explored them minutely, confess him- 
self persuaded by them, nor even by others of still greater 
force which he intimates that he is about to deliver to us, 
And I do not know upon what basis you accuse Nature of 
having been for many ages in her second childhood, hav- 
ing forgotten how to produce any reflective thinkers ex- 
cept those who make themselves slaves of Aristotle and 
have to think with his brain and see with his eyes. 

But let us hear the rest of the arguments favorable to his 
opinion so that we may proceed with their testing, refining 
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them in the crucible and weighing them in the assayer’s 
balance. 
SALV. Before going further I must tell Sagredo that I act 
the part of Copernicus in our arguments and wear his 
mask. As to the internal effects upon me of the arguments 
which I produce in his favor, I want you to be guided not 
by what I say when we are in the heat of acting out our 
play, but after I have put off the costume, for perhaps then 
you shall find me different from what you saw of me on the 
stage. 

Now let us proceed. Ptolemy and his followers produce 
another experiment like that of the projectiles, and it per- 
tains to things which, separated from the earth, remain in 
the air a long time, such as clouds and birds in flight. Since 
of these it cannot be said that they are carried by the earth, 
as they do not adhere to it, it does not seem possible that 
they could keep up with its swiftness; rather, it ought to 
look to us as if they were being moved very rapidly west- 
ward. If we, carried by the earth, pass along our parallel 
(which is at least sixteen thousand miles long) in twenty- 
four hours, how could the birds keep up on such a course? 
Whereas we see them fly east just as much as west or any 
other direction, without any detectable difference. 

Besides this, if, when we travel on horseback, we feel 

_the air strike rather strongly upon our faces, then what an 
east wind should we not perpetually feel when being 
borne in such a rapid course against the air! Yet no such ef- 
fect is felt. 

Here is another very ingenious argument taken from 
certain experiences. Circular motion has the property of 
casting off, scattering, and driving away from its center the 
parts of the moving body, whenever the motion is not suf- 
ficiently slow or the parts not too solidly attached together. 
If, for example, we should very rapidly spin one of those 
great treadmills with which massive weights are moved by 
one or more men walking within them (such as huge 
stones used in mangles, or barges being dragged across the 


land from one waterway to another), then if the parts of 
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this rapidly turned wheel were not very solidly joined, it 
would all come apart. Or, if many rocks or other heavy 
materials were strongly attached to its external surface, 
they would not be able to resist the impetus, and it would 
scatter them with great force to various places far from the 
wheel, and accordingly from its center. If, then, the earth 
were to be moved with so much greater a velocity, what 
weight, what tenacity of lime or mortar would hold rocks, 
buildings, and whole cities so that they would not be 
hurled into the sky by such precipitous whirling? And men 
and beasts, none of which are attached to the earth; how 
would they resist such an impetus? Whereas on the con- 
trary, we see these and the much less resistant pebbles, 
sand, and leaves reposing quietly upon the earth, and even 
falling back upon it with very slow motion. 

Here, Simplicio, are the very potent arguments taken, 
so to speak, from terrestrial things. There remain those of 
the other kind; that is, those with relation to celestial ap- 
pearances, which arguments tend still more to show that 
the earth is in the center of the universe, and consequently 
deprive it of the annual motion around that center as at- 
tributed to it by Copernicus. These being of rather a dif- 
ferent nature, they can be brought forth after we have 
judged the strength of those already propounded. 

SAGR. Well, what do you say, Simplicio? Does it seem to 
you that Salviati understands and knows how to explain 
the Ptolemaic and the Aristotelian arguments? Do you 
think any Peripatetic understands the Copernican proofs - 
so well? a 
Simp. Had I not formed from previous arguments such a 
high opinion of Salviati’s soundness of learning and 
Sagredo’s sharpness of wit, with their kind permission I 
should wish to leave without hearing any more, as it would 
_ appear to me an impossible feat to contradict such palpa- 
ble experiences. And without hearing any more, I should 
like to cling to my old opinion; for it seems to me that if, 
indeed, it is false, it may be excused on the grounds of its 
being supported by so many arguments of such great 
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probability. If these are fallacies, what true demonstrations 

were ever more elegant? 

SAGR. Yet we had better listen to Salviati’s answers, which 

if true must be even more beautiful; infinitely more beauti- The true 

ful, and the others extremely ugly, if that metaphysical 24 the 

proposition is correct which says that the true and the beau- ie ea ; 

tiful are one and the same, as are likewise the false and the same, and 

ugly. Therefore, Salviati, let us not delay a moment more. somal 

SALV. If I remember correctly, Simplicio’s first argument _ the ugly. 

was this: The earth cannot move circularly, because such a 

motion would be a forced one and therefore not perpetual. 

The reason that it would be forced was that if it were nat- 

ural, the earth’s parts would also naturally move in rota- 

tion, which is impossible because the nature of these parts 

is to be moved downward in a straight line. 

To this I reply that I should have liked it better if Aris- Reply to the 

totle had made himself clearer when he said, “The parts rst argu- 
: : : ¢ ment of 

would also be moved circularly,” since this “being moved a jristotte. 

circularly” can be understood in two ways. One is that 

every particle separated from the whole would move cir- 

cularly around its own center, describing its tiny circlets. 

The other is that the whole globe being moved around its 

center in twenty-four hours, the parts would also revolve 

around the same center in twenty-four hours. The first 

would be a piece of nonsense no less than if one were to 

say that every part of the circumference of a circle had to 

be a circle, or even that since the earth is spherical every 

part of the earth must be a ball, because that is required by 

the maxim eadem est ratio totius et partium. But if he meant 

the other—that in imitation of the whole the parts would 

naturally move around the center of the whole globe in 

twenty-four hours—TI say that that is precisely what they 

do, and that it is up to you, as Aristotle’s representative, to 

prove that they do not. 

SiMP. This is proved by Aristotle in the same place, when 

he says that the natural motion of the parts is along 

straight lines toward the center of the universe; therefore 

circular motion cannot naturally belong to them. 
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SALV. But do you not see that in the same words there is ° 
also the refutation of this reply? 

Simp. How? Where? 

SALV. Does he not say that a circular motion for the earth 
would be forced, and therefore not eternal? And that this is 
absurd, since the world order is eternal? 
Simp. That is what he says. 

SALV. But if that which is forced cannot be eternal, then 
by the converse that which cannot be eternal cannot be 
natural; but there is no way for the earth’s downward mo- 
tion to be eternal, and so much the less can it be natural, 
nor can any motion be natural to it which cannot be 
eternal to it. But if we make the earth circularly movable, 
this can be eternal to it,and to its parts, and therefore 
natural, . 

SIMP. Straight motion is most natural to the parts of the 
earth, and to them it is eternal, nor will it ever happen that 
they are not moved straight, always understanding that im- 
pediments are removed. 

SALv. You are quibbling, Simplicio, and J should like to | 
see you freed from the equivocation. So tell me, do you be- 
lieve that a ship which is going to Palestine from the Straits 


. of Gibraltar could eternally navigate toward that country, 


running always the same course? 

Simp. Certainly not. 

SALV. And why not? 

SIMP. Because that voyage is restricted and bounded by 
the Gates of Hercules and the shore of Palestine; and the 
distance being bounded, it is covered in a finite time, un- 
less one wishes by turning back in the opposite direction to 
return and repeat the same voyage. But that would be an 
interrupted and not a continuous motion. 

SALV. A perfectly correct reply. But how about the trip 
from the Straits of Magellan through the Pacific Ocean, 
the Straits of Molucca, around the Cape of Good Hope, 
from there to the original straits and again through the 
Pacific, and so on? Do you believe that this could be per- 
petual? : 
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SIMP. It could be, because this is a circulation which re- 

turns upon itself; by repeating it an infinite number of 

times it could be perpetuated without any interruption. 

SALV. Then on this voyage a ship could keep on navigat- 

ing for all eternity. 

SIMP. It could if the ship were indestructible; but the ship 

being dissolved, the journey would necessarily be termi- 

nated. 

SALV. But in the Mediterranean, even if the ship were in- 
destructible it could not on that account be sailed forever 

toward Palestine, such a voyage being bounded. So two 

things are required for a body moving without interrup- Two things 
tion to be moved eternally; one is that the motion shall by « ‘eduired for 


: a “ ’ motion to 
its nature be unbounded and infinite, and the other is that 4, es 
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space and 


SALV. Therefore of your own accord you have already an inde- 
confessed it to be impossible that any movable body is structible 
eternally moved in a straight line. For straight motion, oe 
whether you will have it be upward or downward, you 
yourself make bounded by the circumference and the cen- Straight 
ter; hence although the movable body (that is, the earth) is anne ean- 
eternal, yet straight motion being by its nature not eternal —— 
but bounded, the earth cannot naturally partake of it. hence can- 
Rather, as was said yesterday, Aristotle himself was obliged ea 
_ to make the earth’s globe eternally fixed. When you say, earth. 
then, that the parts of the earth would always be moved 
downward (all impediments removed), you equivocate 
egregiously; for on the contrary you must impede them, 
oppose them, and force them if you want them to be 
moved, since once they have fallen they have to be forcibly 
thrown up on high in order to fall again. And as to the im- 
pediments, these merely prevent them from getting to the 
center. If a tunnel were made that went past the center, a 
clod would not pass beyond this center except in so far as 
it was carried by an impetus pushing it further, to return 
there afterward and finally come to rest there. 

Hence as to maintaining that movement by a straight 
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line suits or could suit naturally either the earth or any 
other movable body while the rest of the universe pre- 
served its perfect order, give up this whole idea; if you will 
not grant the earth circular motion, exert your strength in 
upholding and defending its immobility. 

Simp. Regarding immobility, Aristotle’s arguments (and 
even better, those others brought forward by you) seem to 
me so far to prove it conclusively. In my judgment prodi- 
gies will be needed to refute them. 

SALV. Let us get on to the second argument, then, which 
was that those bodies of whose circular motion we are 
sure, excepting only the primum mobile, have more than one 
motion. Hence if the-earth moves circularly, it must have 
two motions, from which there would follow alterations in, 
the rising and setting of the fixed stars; but such are not 
seen to occur; therefore, etc. The simplest and most appro- 
priate answer to this objection is in the argument itself, and 
it is Aristotle who puts it into our mouths. You cannot have 
failed to see this, Simplicio. 

SiMP. I did not see this, and I do not see it now. 

SALV. Astonishing! For it is there, and quite plain. 

SIMP. By your leave, I shall have a look at the text. 

SAGR. Let us have the text brought at once. 

Simp. I keep it always in my pocket. Here it is, and I know 
the exact place, which is in Book II of De Caelo, at chapter 
14. Here, paragraph 97: Praeterea, omnia quae feruntur latione 
circulart, subdeficere videntur, ac moveri pluribus una latione, 
praeter primam sphaeram: quare et Terram necessarium est, sive 
circa medium, stve in medio posita feratur, duabus moveri lation- 
tbus. Si autem hoc acciderit, necessarium est fleri mutationes ac 
converstones fixorum astrorum. Hoc autem non videtur fieri, sed 
semper eadem apud eadem loca ipsius et oriuntur, et occidunt. 
(“Again, everything that moves with the circular move- 
ment, except the first sphere, is observed to be passed, and 
to move with more than one motion. The earth, then, also, 
whether it move about the center or as stationary at it, 
must necessarily move with two motions. But if this were 
so, there would have to be passings and turnings of the 
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fixed stars. Yet no such thing is observed. The same stars 

always rise and set in the same parts of the earth.”) Now 

here I see no fallacy whatever, and it looks to me as if the 

argument is quite conclusive. 

SALV. And for my part, this rereading has confirmed the 

fallacy in the argument and has in addition revealed an- 

other falsity. For look: Aristotle wants to reject two posi- 

tions, or I should say two conclusions; one is that of those 

who, placing the earth in the center, make it move upon it- 

self about its own center, while the other belongs to those 

who, placing the earth distant from the center, would make 

it move circularly around that center. Both these positions 

jointly he opposes with the same argument. Now I say that 

he errs in both the first and the second opposition, the Aristotle’s 

error in the first being an equivocation or paralogism, and a, 

in the second a false inference. ein ie 
Let us take the first position, which places the earth in__ tion offends 

the center and makes it movable upon itself about its own “™‘¥° “#7 

center. Let us confront this with Aristotle’s objection, say- 

ing: “All the circularly moving bodies seem to lag behind 

and to move with more motions than one, except the first 

sphere (that is, the primum mobile); therefore the earth, 

moving around its own center and being placed at the cen- 

ter, must be moved with two motions and must fall behind; 

but if this were the case, the risings and settings of the 

fixed stars would have to vary, which is not seen to happen, 

therefore the earth is not moved etc.” Here is the paralo- 

gism; in order to reveal it, argue with Aristotle in the fol- 

lowing way: “You say, O Aristotle, that the earth, placed in 

the center, cannot move upon itself, because it would be 

necessary to attribute to it two motions. Therefore if it 

were not necessary to attribute more than a single motion 

to the earth, you would not hold it impossible that it might 

move with such a single motion. For you would have been 

restricting yourself to no purpose by resting the impossi- 

bility upon the plurality of motions if it also could not be 

moved with even a single one. Now of all the movables in 

the universe, you make only one move with just one mo- 


160 - The Second Day 


tion, and all others with more than one. This movable you 
declare to be the first sphere; that is, the one by which all 
the stars, fixed and wandering, appear to be moved in uni- 
son from east to west. Then if the earth could be this prime 
sphere which, by moving with one motion alone, makes 
the stars appear to be moved from east to west, you would 
not deny it this motion. But those who say that the earth 
revolves upon itself at the center do not attribute to it any 
motion except that one by which all the stars appear to be 
moving from east to west, which amounts to the earth’s 
being that first sphere which you yourself concede moves 
with but a single motion. Therefore, O Aristotle, if you 
want to prove ‘anything, you must show that the earth, 
placed in the center, cannot move with even a single mo- 
tion—or else that not even the first sphere can have but a 
single motion. Otherwise you commit the fallacy in your 
own syllogism, where it is obvious, at once denying and 
granting the same thing.” 

I come now to the second position, which is that of 
those who place the earth at a distance from the center 
and make it movable about the center; that is, who make 
it a planet or a wandering star. Aristotle’s argument is di- 
rected against this position, and is conclusive as to form, 
but it errs as to content. For granting that the earth moves 
in such a way, with two motions (/azione), it does not nec- 
essarily follow that alterations must occur in the risings 
and settings of the fixed stars, as I shall explain in the 
proper place. And here I wish indeed to excuse Aristotle’s 
error, and even to praise him for having hit upon the most - 
subtle argument against the Copernican position which 
can be found. And if the objection is an acute and appar- 
ently cogent one, you shall see how much more subtle 
and ingenious is its solution; one not to be discovered by 
a mind less penetrating than that of Copernicus. From the 
difficulty of understanding it you will be able to infer 
how much greater was the difficulty of finding it in the 
first place. In the meantime, let us postpone the reply, 
which you will hear in due course after this same objec- 
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tion of Aristotle’s has been repeated and moreover greatly 
strengthened for him. 

We pass on now to the third argument, also Aristotle’s, 
to which there is no need to reply further, it having been 
adequately answered between yesterday and today. In this 
he objects that the natural motion of heavy bodies is in 
straight lines toward the center, and then he inquires 
whether it is toward the center of the earth or the center of 
the universe, concluding that it is naturally toward the 
center of the universe and only accidentally toward that of 
the earth. 

We may go on therefore to the fourth, with which it will 
be proper to deal at length, this being founded upon that 
experience from which most of the remaining arguments 
derive their force. Aristotle says, then, that 4 most certain 
proof of the earth’s being motionless is that things pro- 
jected perpendicularly upward are seen to return by the 
same line to the same place from which they were thrown, 
even though the movement is extremely high. This, he ar- 
gues, could not happen if the earth moved, since in the 
time during which the projectile is moving upward and 
then downward it is separated from the earth, and the 
place from which the projectile began its motion would go 
a long way toward the east, thanks to the revolving of the 
earth, and the falling projectile would strike the earth that 
distance away from the place in question. Thus we can ac- 
commodate here the argument of the cannon ball as well 
as the other argument, used by Aristotle and Ptolemy, of 
seeing heavy bodies falling from great heights along a 
straight line perpendicular to the’surface of the earth. 
Now, in order to begin to untie these knots, I ask Simplicio 
by what means he would prove that freely falling bodies go 
along straight and perpendicular lines directed toward the 
center, should anyone refuse to grant this to Aristotle and 
Ptolemy. . 

Simp. By means of the senses, which assure us that the 
tower is straight and perpendicular, and which show us 
that a falling stone goes along grazing it, without deviating 
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a hairsbreadth to one side or the other, and strikes at the 
foot of the tower exactly under the place from which it was 
dropped. | 
SALV. But if it happened that the earth rotated, and con- 
sequently carried along the tower, and if the falling stone 
were seen to graze the side of the tower just the same, what 
would its motion then have to be? 

Simp. In that case one would have to say “its motions,” for 
there would be one with which it went from top to bottom, 
and another one needed for following the path of the 
tower. 

SALV. The motion would then Be a compound of two mo- 
tions; the one with which it measures the tower, and the 
other with which it follows it. From this compounding it 
would follow that the rock would no longer describe that 
simple straight perpendicular line, but a slanting one, and 
perhaps not straight. 

Srmp. I don’t know about its not being straight, but I un- 
derstand well enough that it would have to be slanting, and 
different from the straight perpendicular line it would de- 
scribe with the earth motionless. 

SALV. Hence just from seeing the falling stone graze the 
tower, you could not say for sure that it described a straight 
and perpendicular line, unless you first assumed the earth 
to stand still. 

SIMP. Exactly so; for if the earth were moving, the motion 
of the stone would be slanting and not perpendicular. 
SALV. Then here, clear and evident, is the paralogism of 
Aristotle and of Ptolemy, discovered by you yourself. 
They take as known that which is intended to be proved. 
SiMP. In what way? It looks to me like a syllogism in- 
proper form, and not a petitio principii. 

SALV. In this way: Does he not, in his proof, take the con- 
clusion as unknown? 

Simp. Unknown, for otherwise it would be superfluous to 
prove it. 

SALV. And the middle term; dines he not require that to be 
known? 
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SiMP. Of course; otherwise it would be an attempt to 
prove ignotum per aeque ignotum. 

SALV. Our conclusion, which is unknown and is to be 
proved; is this not the motionlessness of the earth? 

SIMP. That is what it is. 

SALV. Is not the middle term, which must be known, the 
straight and perpendicular fall of the stone? 

SIMP. That is the middle term. 

SALV. But wasn’t it concluded a little while ago that we 
could not have any knowledge of this fall being straight 
and perpendicular unless it was first known that the earth 
stood still? Therefore in your syllogism, the certainty of 
the middle term is drawn from the uncertainty of the con- 
clusion. Thus you see how, and how badly, it is a paralo- 
gism. : 

SAGR. On behalf of Simplicio I should like, if possible, to 
defend Aristotle, or at least to be better persuaded as to the 
force of your deduction. You say that seeing the stone 
graze the tower is not enough to assure us that the motion 
of the rock is perpendicular (and this is the middle term of 
the syllogism) unless one assumes the earth to stand still 
(which is the conclusion to be proved). For if the tower 
moved along with the earth and the rock grazed it, the mo- 
tion of the rock would be slanting, and not perpendicular. 
But I reply that if the tower were moving, it would be im- 
possible for the rock to fall grazing it; therefore, from the 
scraping fall is inferred the stability of the earth. — * 
SIMP. So it is. For to expect the rock to go grazing the 
tower if that were carried along by the earth would be re- 
quiring the rock to have two natural motions; that is, a 
straight one toward the center, and a circular one about the 
center, which is impossible. 

SALY. So Aristotle’s defense consists in its being impossi- 
ble, or at least in his having considered it impossible, that 
the rock might move with a motion mixed of straight and 
circular. For if he had not held it to be impossible that the 
stone might move both toward and around the center at 
the same time, he would have understood how it could 
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happen that the falling rock might go grazing the tower 
whether that was moving or was standing still, and conse- 
quently he would have been able to perceive that this graz- 
ing could imply nothing as to the motion or rest of the 


earth. 


Nevertheless this does not excuse Aristotle, not only 
because if he did have this idea he ought to have said so, it 
being such an important point in the argument, but also, 
and more so, because it cannot be said either that such an 
effect is impossible or that Aristotle considered it impossi- 
ble. The former cannot be said because, as I shall shortly 
prove to you, this is not only possible but necessary; and 
the latter cannot be said either, because Aristotle himself 
admits that fire moves naturally upward in a straight line 
and also turns in the diurnal motion which is imparted by 
the sky to all the element of fire and to the greater part of 
the air. Therefore if he saw no impossibility in the mixing 
of straight-upward with circular motion, as communicated 
to fire and to the air up as far as the moon’s orbit, no more 
should he deem this impossible with regard. to the rock’s 
straight-downward motion and the circular motion natural 
to the entire globe of the earth, of which the rock is a part. 
SMP. It does not look that way to me at all. If the element 
of fire goes around together with the air, this is a very easy 
and even a necessary thing for a particle of fire, which, ris- 
ing high from the earth, receives that very motion in pass- 
ing through the moving air, being so tenuous and light a 
body and so easily moved. But it is quite incredible that a 
very heavy rock or a cannon ball which is dropping with- 


‘ out restraint should let itself be budged by the air or by 


anything else. Besides which, there is the very appropriate 
experiment of the stone dropped from the top of the mast 
of a ship, which falls to the foot of the mast when the ship 
is standing still, but falls as far from that same point when 
the ship is sailing as the ship is perceived to have advanced 
during the time of the fall, this being several yards when 
the ship’s course is rapid. 

SALV. There is a considerable difference between the 
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matter of the ship and that of the earth under the assump- 
tion that the diurnal motion belongs to the terrestrial 
globe. For it is quite obvious that just as the motion of the 
ship is not its natural one, so the motion of all the things in 
it is accidental; hence it is no wonder that this stone which 
was held at the top of the:mast falls down when it is set 
free, without any compulsion to follow the motion of the . Disparity 
ship. But the diurnal rotation is being taken as the terres- between the 
: e : fall of a 

trial globe’s own and natural motion, and hence that of all sock from 
its parts, as a thing indelibly impressed upon them by na-_ the top of a 
ture. Therefore the rock at the top of the tower has as its shina 
primary tendency a revolution about the center of the the top of a 
whole in twenty-four hours, and it eternally exercises this tower 
natural propensity no matter where it is placed. To be con- 
vinced of this, you have only to alter an outmoded impres- 
sion made upon your mind, saying: “Having thought until 
now that it is a property of the earth’s globe to remain mo- 
tionless with respect to its center, I have never had any dif- 
ficulty in or resistance to understanding that each of its 
particles also rests naturally in the same quiescence. Just 
so, it ought to be that if the natural tendency of the earth 
were to go around its center in twenty-four hours, each of 
its particles would also have an inherent and natural incli- 
nation not to stand still but to follow that same course.” 

And thus without encountering any obstacle you would 
be able to conclude that since the motion conferred by the 
force of the oars upon a boat, and through the boat upon 
all things contained in it, is not natural but foreign to them, 
then it might well be that this rock, once separated from 
the boat, is restored to its natural state and resumes its ex- 
ercise of the simple tendency natural to it. . 

I might add that at least that part of the air which is 
lower than the highest mountains must be swept along and The lower 
carried around by the roughness of the earth’s surface, or ee a a 
must naturally follow the diurnal motion because of being the highest 
a mixture of various terrestrial vapors and exhalations. But mountains, 
the air around a boat propelled by oars is not moved by cee 


motion of 
them. So arguing from the boat to the tower has no infer- the earth. 
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ential force. The rock coming from the top of the mast en- 
ters a medium which does not have the motion of the boat; 
but that which leaves the top of the tower finds itself in a 
medium which has the same motion as the entire terres- 
trial globe, so that far from being impeded by the air, it 
rather follows the general course of the earth with assis- 
tance from the air. 

Simp. I am not convinced that the air could impress its 
own motion upon a huge stone or a large ball of iron or 
lead weighing, say, two hundred pounds, as it might upon 
feathers, snow, and other very light bodies. In fact, I can see 
that a weight of that sort does not move a single inch from 
its place even when exposed to the wildest wind you 
please; now judge whether the air alone would carry it 
along. 2 

SALV. There is an enormous difference between this ex- 
perience of yours and our example. You make the wind ar- 
rive upon this rock placed at rest, and we are exposing to 
the already moving air a rock which is also moving with 
the same speed, so that the air need not confer upon it 
some new motion, but merely maintain—or rather, not 
impede—what it already has. You want to drive the rock 
with a motion foreign and unnatural to it; we, to conserve 
its natural motion in it. If you want to present a more suit- 
able experiment, you ought to say what would be observed 
(if not with one’s actual eyes, at least with those of the 
mind) if an eagle, carried by the force of the wind, were to 
drop a rock from its talons. Since this rock was already fly- 
ing equally with the wind, and thereafter entered into a 
medium moving with the same velocity, I am pretty sure 
that it would not be seen to fall perpendicularly, but, fol- 
lowing the course of the wind and adding to this that of its 
own weight, would move in a slanting path. 2 
SIMP. It would be necessary to be able to make such an ex- 
periment and then to decide according to the result. 
Meanwhile, the result on shipboard confirms my opinion 
up to this point. 

SALV. You may well say “up to this point,” since perhaps 
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in a very short time it will look different. And to keep you 
no longer on tenterhooks, as the saying goes, tell me, Sim- 
plicio: Do you feel convinced that the experiment on the - 
ship squares so well with our purpose that one may rea- 
sonably believe that whatever is seen to occur there must 
also take place on the terrestrial globe? 

SIMP. So far, yes; and though you have brought up some 
trivial disparities, they do not seem to me of such: moment 
as to suffice to shake my conviction. 

SALv. Rather, I hope that you will stick to it, and firmly in- 
sist that the result on the earth must correspond to that on 
_ the ship, so that when the latter is perceived to be prejudi- 
cial to your case you will not be tempted to change your 
mind. 

You say, then, that since when the ship stands still the 
rock falls to the foot of the mast, and when the ship is in 
motion it falls apart from there, then conversely, from the 
falling of the rock at the foot it is inferred that the ship 
stands still, and from its falling away it may be deduced 
that the ship is moving. And since what happens on the 
ship must likewise happen on the land, from the falling of 
the rock at the foot of the tower one necessarily infers the 
immobility of the terrestrial globe. Is that your argument? 
SIMP. That is exactly it, briefly stated, which makes it easy 
to understand. 

SALV. Now tell me: If the stone dropped from the top of 
the mast when the ship was sailing rapidly fell in exactly 
the same place on the ship to which it fell when the ship 
was standing still, what use could you make of this falling 
with regard to determining whether the vessel stood still 
or moved? 
Simp. Absolutely none; just as by the beating of the pulse, 
for instance, you cannot know whether a person is asleep 
or awake, since the pulse beats in the same manner in 
sleeping as in waking. 

SALV. Very good. Now, have you ever made this experi- 
ment of the ship? 

Simp. I have never made it, but I certainly believe that the 
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authorities who adduced it had carefully observed it. Be- 
sides, the cause of the difference is so exactly known that 
there is no room for doubt. 
SALV. You yourself are sufficient evidence that those au- 
thorities may have offered it without having performed it, 
for you take it as certain without having done it, and com- 
mit yourself to the good faith of their dictum. Similarly it 
not only may be, but must be that they did the same thing 
too—I mean, put faith in their predecessors, right on back 
without ever arriving at anyone who had performed it. For 
anyone who does will find that the experiment shows ex- 
actly the opposite of what is written; that is, it will show 
that the stone always falls in the same place on the ship, 
whether the ship is standing still or moving with any speed 
you please. Therefore, the same cause holding good on the . 
earth as on the ship, nothing can be inferred about the 
earth’s motion or rest from the stone falling always per- 
pendicularly to the foot of the tower. 
Simp. If you had referred me to any other agency that ex- 
periment, I think that our dispute would not soon come to 
an end; for this appears to me to be a thing so remote from 
human reason that there is no place in it for credulity or 
probability. 
SALV. For me there is, just the same. 
S1MP. So you have not made a hundred tests, or even one? 
And yet you so freely declare it to be certain? I shall retain 
my incredulity, and my own confidence that the experi- 
ment has been made by the most important authors who 
make use of it, and that it shows what they say it does. 
SALY. Without experiment, I am sure that the effect will 
happen as | tell you, because it must happen that way; and 
I might add that you yourself also know that it cannot hap- 
pen otherwise, no matter how you may pretend not to 
know it—or give that impression. But I am so handy at 
picking people’s brains that I shall make you confess this in 
spite of yourself. 

Sagredo is very quiet; it seemed to me that I saw him 
move as though he were about to say something. ~ 


The Second Day - 169 


SAGR. I was about to say something or other, but the in- 
terest aroused in me by hearing you threaten Simplicio 
with this sort of violence in order to reveal the knowledge 
he is trying to hide has deprived me of any other desire; I 
beg you to make good your boast. 

SALV. If only Simplicio is willing to reply to my interro- 
gation, I cannot fail. 

SiMpP. I shall reply as best I can, certain that I shall be put 
to little trouble; for of the things I hold to be false, I believe 
I can know nothing, seeing that knowledge is of the true 
and not of the false. 

SALV. Ido not want you to declare or reply anything that 
you do not know for certain. Now tell me: Suppose you 
have a plane surface as smooth as a mirror and made of 
some hard material like steel. This is not parallel to the 
horizon, but somewhat inclined, and upon it you have 
placed a ball which is perfectly spherical and of some hard 
and heavy material like bronze. What do you believe this 
will do when released? Do you not think, as I do, that it will 
remain still? 

Simp. If that surface is tilted? 

SALV. Yes, that is what was assumed. 

SIMP. I do not believe that it would stay still at all; rather, 
I am sure that it would spontaneously roll down. 

SALV. Pay careful attention to what you are saying, Sim- 
plicio, for I am certain that it would stay wherever you 
placed it. 

SIMP. Well, Salviati, so long as you make use of assump- 
tions of this sort I shall cease to be surprised that you de- 
duce such false conclusions. 

SALV. Then you are quite sure that it would sponta- 
neously move downward? 

S1MP. What doubt is there about this? 

SALv. And you take this for granted not because I have 
taught it to you—indeed, I have tried to persuade you to 
the contrary—but all by yourself, by means of your own 
common sense. 

SiMe. Oh, now I see your trick; you spoke as you did in 
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order to get me out on a limb, as the common people say, 
and not because you really believed what you said. 

SALV. That was it. Now how long would the ball continue 
to roll, and how fast? Remember that I said a perfectly 
round ball and a highly polished surface, in order to re- | 
move all external and accidental impediments. Similarly I 
want you to take away any impediment of the air caused by 
its resistance to separation, and all other accidental obsta- 
cles, if there are any. 

Simp. I completely understood you, and to your question 
I reply that the ball would continue to move indefinitely, as 
far as the slope of the surface extended, and with a contin- 
ually accelerated motion. For such is the nature of heavy 
bodies, which vires acquirunt eundo; and the greater the 
slope, the greater would be the velocity. 

SALV. But if one wanted the ball to move upward on this 
same surface, do you think it would go? 

StmMp. Not spontaneously, no; but drawn or thrown 
forcibly, it would. 

SALv. And if it were thrust along with some impetus im- 
pressed forcibly upon it, what would its motion be, and 
how great? 

S1MP. The motion would constantly slow down and be re- 
tarded, being contrary to nature, and would be of longer or 
shorter duration according to the greater or lesser impulse 
and the lesser or greater slope upward. 

SALV. Very well; up to this point you have explained to me 
the events of motion upon two different planes. On the 
downward inclined plane, the heavy moving body sponta- 
neously descends and continually accelerates, and to keep 
it at rest requires the use of force. On the upward slope, 
force is needed to thrust it along or even to hold it still, and 
motion which is impressed upon it continually diminishes 
until it is entirely annihilated. You say also that a differ- 
ence in the two instances arises from the greater or lesser 
upward or downward slope of the plane, so that from a 
greater slope downward there follows a greater speed, 
while on the contrary upon the upward slope a given mov- 


The Second Day - 171 


able body thrown with a given force moves farther accord- 
ing as the slope is less. | 

Now tell me what would happen to the same movable 
body placed upon a surface with no slope upward or 
downward. 
SIMP. Here I must think a moment about my reply. There 
being no downward slope, there can be no natural ten- 
dency toward motion; and there being no upward slope, 
there can be no resistance to being moved, so there would 
be an indifference between the propensity and the resis- 
tance to motion. Therefore it seems to me that it ought 
naturally to remain stable. But I forgot; it was not so very 
long ago that Sagredo gave me to understand that that is 
what would happen. 
SALV. I believe it would do so if one set the ball down 
firmly. But what would happen if it were given an impetus 
in any direction? 
Simp. It must follow that it would move in that direction. 
SALV. But with what sort of movement? One continually 
accelerated, as on the downward plane, or increasingly re- 
tarded as on the upward one? 
Simp. I cannot see any cause for acceleration or decelera- 
tion, there being no slope upward or downward. 
SALV. Exactly so. But if there is no cause for the ball’s 
retardation, there ought to be still less for its coming to 
rest; so how far would you have the ball continue to 
move? 
Simp. As far as the extension of the surface continued - 
without rising or falling. 
SALV. Then if such a space were unbounded, the motion 
on it would likewise be boundless? That is, perpetual? 
SiMP. It seems so to me, if the movable body were of 
durable material. . 
SALV. That is of course assumed, since we said that all ex- 
ternal and accidental impediments were to be removed, 
and any fragility on the part of the moving body would in 
this case be one of the accidental impediments. 

Now tell me, what do you consider to be the cause of 
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the ball moving spontaneously on the downward inclined 
plane, but only by force on the one tilted upward? 

Simp. That the tendency of heavy bodies is to move 
toward the center of the earth, and to move upward from 
its circumference only with force; now the downward sur- 
face is that which gets closer to the center, while the up- 
ward one gets farther away. 

SALV. Then in order for a surface to be neither downward 
nor upward, all its parts must be equally distant from the 
center. Are there any such surfaces in the world? 

Simp. Plenty of them; such would be the surface of our 
terrestrial globe if it were smooth, and not rough and 
mountainous as it is, But there is that of the water, when it 
is placid and tranquil. 

SALV. Then a ship, when it moves over a calm sea, is one 
of these movables which courses over a surface that is 
tilted neither up nor down, and if all external and acciden- 
tal obstacles were removed, it would thus be disposed to 
move incessantly and uniformly from an impulse once re- 
ceived? 

SiMP. It seems that it ought to be. 

SALv. Now as to that stone which is on top of the mast; 
does it not move, carried by the ship, both of them going 
along the circumference of a circle about its center? And 
consequently is there not in it an ineradicable motion, all 
external impediments being removed? And is not this mo- 
tion as fast as that of the ship? 


- SIMP. All this is true, but what next? 


SALV. Go on and draw the final consequence by yourself, 
if by yourself you have known all the premises. 

S1MP. By the final conclusion you mean that the stone, 
moving with an indelibly impressed motion, is not going to 
leave the ship, but will follow it, and finally will fall at the 
same place where it fell when the ship remained motion- 
less. And I, too, say that this would follow if there were no 
external impediments to disturb the motion of the stone 
after it was set free. But there are two such impediments, 
one is the inability of the movable body to split the air with 
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its own impetus alone, once it has lost the force from the 
oars which it shared as part of the ship while it was on the 
mast; the other is the new motion of falling downward, 
which must impede its other, forward, motion. 

SALV. As for the impediment of the air, I do not deny that 
to you, and if the falling body were of very light material, 
like a feather or a tuft of wool, the retardation would be 
quite considerable. But in a heavy stone it is insignificant, 
and if, as you yourself just said a little while ago, the force 
of the wildest wind is not enough to move a large stone 
from its place, just imagine how much the quiet air could 
accomplish upon meeting a rock which moved no faster 
than the ship! All the same, as I said, I concede to you the 
small effect which may depend upon such an impediment, 
- just as I know you will concede to me that if the air were 
moving at the same speed as the ship and the rock, this im- 
pediment would be absolutely nil. 

As for the other, the supervening motion downward, in 
the first place it is obvious that these two motions (I mean 
the circular around the center and the straight motion 
toward the center) are not contraries, nor are they destruc- 
‘tive of one another, nor incompatible. As to the moving 
body, it has no resistance whatever to such a motion, for 
you yourself have already granted the resistance to be 
against motion which increases the distance from the cen- 
ter, and the tendency to be toward motion which ap- 
proaches the center. From this it follows necessarily that 
the moving body has neither a resistance nor a propensity 
to motion which does not approach toward or depart from 
the center, and in consequence no cause for diminution in 
the property impressed upon it. Hence the cause of motion 
is not a single one which must be weakened by the new ac- 
tion, but there exist two distinct causes. Of these, heaviness 
attends only to the drawing of the movable body toward 
the center, and impressed force only to its being led around 
the center, so no occasion remains for any impediment. 
Simp. This argument is really very plausible in appear- 
ance, but actually it is offset by a difficulty which is hard to 
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overcome. You have made an assumption throughout 
which will not lightly be granted by the Peripatetic school, 
being directly contrary to Aristotle. You take it as well 
known and evident that the projectile when separated 
from its origin retains the motion which was forcibly im- 
pressed upon it there. Now this impressed force is as de- 
testable to the Peripatetic philosophy as is any transfer of 
an accidental property from one subject to another. In 
their philosophy it is held, as I believe you know, that the 
projectile is carried by the medium, which in the present 
instance is the air. Therefore if that rock which was 
dropped from the top of the mast were to follow the mo- 
tion of the ship, this effect would have to be attributed to 
the air, and not to the impressed force; but you assume that 
the air does not follow the motion of the ship, and is quiet. 
Furthermore, the person letting the stone fall does not 
need to fling it or give it any impetus with his arm, but has 
only to open his hand and let it go. So the rock cannot fol- 
low the motion of the boat either through any force im- 
pressed upon it by its thrower or by means of any 


“assistance from the air, and therefore it will remain behind. 


SALV. It seems to me that what you are saying is that there 
is no way for the stone to be projected, not being thrown by 
anybody’s arm. 

S1MP. This motion cannot properly be called one of pro- 
jection. 

SALV. Then what Aristotle says about the motion of pro- 
jectiles, the things moved by projection, and their movers 
is quite beside our purpose; and if it has nothing to do with 
us, why do you bring it up? 

SiMP. I adduce it for the sake of that impressed force . 
which you introduced and gave a name to, but which, since 
it does not exist in the world, cannot act at all, since mon en- 
tium nullae sunt operationes. Hence the cause of motion must 
be attributed to the medium, not only for projectiles, but 
for all other motions that are not natural ones. Due consid- 
eration has not been given to this, so what has been said up 
to this point remains ineffective. 
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SALV. Patience; all in good time. Tell me: Seeing that your 
objection is based entirely upon the nonexistence of im- 
pressed force, then if I were to show you that the medium 
plays no part in the continuation of motion in projectiles 
after they are separated from their throwers, would you 
allow impressed force to exist? Or would you merely move 
on to some other attack directed toward its destruction? 
‘SIMP. If the action of the medium were removed, I do not 
see how recourse could be had to anything else than the 
property impressed by the motive force. 

SALV. It will be best, so as to get as far away as possible 
from any reason for arguing about it forever, to have you 
explain as clearly as you can just what the action of the 
medium is in maintaining the motion of the projectile. 
S1MP. Whoever throws the stone has it in his hand; he 
moves his arm with speed and force; by its motion not only 
the rock but the surrounding air is moved; the rock, upon 
being deserted by the hand, finds itself in air which is al- 
ready moving with impetus, and by that it is carried. For if 
the air did not act, the stone would fall from the thrower’s 
hand to his feet. 

SALV. And you are so credulous as to let yourself be per- 
suaded of this nonsense, when you have your own senses 
to refute it and to learn the truth? Look here: A big stone 
or a cannon ball would remain motionless on a table in the 
strongest wind, according to what you affirmed a little 


while ago. Now do you believe that if instead this had been - 


a ball of cork or cotton, the wind would have moved it? 
SIMP. I am quite sure the wind would have carried it away, 
and would have done this the faster, the lighter the mate- 
rial was. For we see this in clouds being borne with a speed 
equal to that of the wind which drives them. 

SALV. And what sort of thing is the wind? 

SIMP. The wind is defined as merely air in motion. 

SALV. So then the air in motion carries light materials 
much faster and farther than it does heavy ones? 

Simp. Certainly. 

SALV. But if with your arm you had to throw first a stone 
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and then a wisp of cotton, which would move the faster 
and the farther? 

SimP. The stone, by a good ca thie cotton would merely 
fall at my feet. 

SALV. Well, if that which moves the thrown thing after it 
leaves your hand is only the air moved by your arm, and if 
moving air pushes light material more easily than heavy, 
why doesn’t the cotton projectile go farther and faster than 
the stone one? There must be something conserved in the 
stone, in addition to any motion of the air. Besides, if two 
strings of equal length were suspended from that rafter, 
with a lead ball attached to the end of one and a cotton ball 
to the other, and then if both were drawn an equal distance 
from the perpendicular and set free, there is no doubt that 
each would move towardsthe perpendicular and, propelled 
by its own impetus, would go beyond that by a certain in- 
terval and afterward return. Which of these pendulums do 
you believe would continue to move the longer before 
stopping vertically? 

Simp. The lead ball would go back and forth a great many 
times; the cotton ball, two or three at most. 

SALV. So that whatever the cause of that impetus and mo- 
bility, it is conserved longer in the heavy material than in 
the light. Now I come to the next point, and ask you why 
the air does not carry away the citron on that table right 
now? 

SIMP. Because the air itself is not moving. 

SALY. So the person who does the throwing must give the 
air that motion with which it subsequently moves the thing 
thrown. But since this force is incapable of being im- 
pressed (for you said that an accidental property cannot be 
made to pass from one subject to another), how can it go 
from the arm to the air? Or perhaps the arm and the air are 
not different subjects? 

SiMpP. The answer is that the air, being neither heavy nor 
light in its own domain, is so disposed as to receive every 
impulse very readily, and to conserve it, too. 

SALV. Well, if the pendulums have just shown us that the 
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less a moving body partakes of weight, the less apt it is to 
conserve motion, how can it be that the air, which has no 
weight at all in air, is the only thing that does conserve the 
motion acquired? I believe, and I know that you also be- 
lieve at this moment, that no sooner does the arm stop than 
the air around it stops. Let us go into that room and agitate 
the air as much as possible with a towel; then, stopping the 
cloth, have a little candle flame brought immediately into 
the room, or set flying a bit of gold leaf in it, and you will 
see from the quiet wandering of either one that the air has 
been instantly restored to tranquillity. I could give you 
many experiments, but if one of these is not enough, the 
case is quite hopeless. 

SAGR. What an incredible stroke of luck it is that when an 
arrow is shot against the wind, the slender thread of air 
driven by the bowstring goes along with the arrow! But 
there is another point of Aristotle’s which I should like to 
understand, and I beg Simplicio to oblige me with an an- 
swer. 

If two arrows were shot with the same bow, one in the 
usual way and one sideways—that is, putting the arrow 
lengthwise along the cord and shooting it that way—I 
should like to know which one would go the farther? 
Please reply, even though the question may seem to you 
more ridiculous than. otherwise; forgive me for being, as 
you see, something of:a blockhead, so that my speculations 
do not soar very high. 

Simp. I have never seen an arrow shot sideways, but I 
think it would not go even one-twentieth the distance of 
one shot point first. 

SAGR. Since that is just what I thought, it gives me.occa- 
sion to raise a question between Aristotle’s dictum and ex- 
perience. For as to experience, if I were to place two 
arrows upon that table when a strong wind was blowing, 
one in the direction of the wind and the other across it, the 
wind would quickly carry away the latter and leave the 
former. Now apparently the same ought to happen with 
two shots from a bow, if Aristotle’s doctrine were true, be- 
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cause the one going sideways would be spurred on by a 
great quantity of air moved by the bowstring—as much as 
the whole length of the arrow—whereas the other arrow 
would receive the impulse from only as much air as there 
is in the tiny circle of its thickness. I cannot imagine the 
cause of such a disparity, and should like very much to 
know it. 

Simp. The cause is obvious to me; it is because ~ arrow 
shot point foremost has to penetrate only a small quantity 
of air, and the other has to cleave as much as its whole 
length. 

SAGR. Oh, so when arrows are shot they have to penetrate 
the air? If the air goes with them, or rather if it is the very 
thing which conducts them, what penetration can there 
be? Do you not see that ‘in such a manner the arrow would 
be moving faster than the air? Now what conferred this 
greater velocity upon the arrow? Do you mean to say that 
the air gives it a greater speed than its own? 

You know perfectly well, Simplicio, that this whole 
thing takes place just exactly opposite to what Aristotle 
says, and that it is as false that the medium confers motion 
upon the projectile as it is true that it is this alone which 
impedes it. Once you understand this, you will recognize 
without any difficulty that when the air really does move, 
it carries the arrow along with it much better sideways 
than point first, because there is lots of air driving it in the 
former case and little in the latter. But when shot from the 
bow, since the air stands still, the sidewise arrow strikes 
against much air and is much impeded, while the other 
easily overcomes the obstacles of the tiny amount of air 
that opposes it. 

SALV.. How many propositions I have noted in Aristotle 
(meaning always in his science) that are not only wrong, 
but wrong in such a way that their diametrical opposites 
are true, as happens in this instance! But keeping to our 
purpose, I believe that Simplicio is convinced that from 
seeing the rock always fall in the same place, nothing can 
be guessed about the motion or stability of the ship. If 
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what had been said previously was not enough, this expe- 
rience concerning the medium can make the whole thing 
certain. From this experience it may be seen that, at most, 
the falling body might drop behind if it were made of light 
material and the air did not follow the ship’s motion; but if 
the air were moving with equal speed, no imaginable dif- 
ference could be found in this or in any other experiment 
you please, as I shall soon explain to you. Now if in this ex- 
ample no difference whatever appears, what is it that you 
claim to see in the stone falling from the top of the tower, 
where the rotational movement is not adventitious and ac- 
cidental to the stone, but natural and eternal, and where 
the air as punctiliously follows the motion of the earth as 
the tower does that of the terrestrial globe? Do you have 
anything else to say, Simplicio, en this particular? 

Simp. No more, except that so far I do not see the mobil- 
ity of the earth to be proved. 

SALYV. I have not claimed to prove it yet, but only to show 
that nothing can be deduced from the experiments offered 
by its adversaries as one argument for its motionlessness, as 
I believe I shall show of the others. 

SAGR. Excuse me, Salviati, but before going on to the oth- 
ers let me bring up a certain difficulty that has been going 
round in my head while you were so patiently going into 
such detail with Simplicio on this ship experiment. 

SALV. What we are here for is to discuss things, and it is 
good for everyone to raise his objections as they occur to 
him, for that is the road to knowledge. So speak up. 
SAGR. If it is true that the impetus of the ship’s motion 
remains indelibly impressed on the stone after it has sepa- 
rated from the mast, and that furthermore this motion oc- 
casions no hindrance or slowing in the straight-downward 
motion which is natural to the stone, then an effect of a 
remarkable nature must take place. 

Let the ship be motionless and the fall of the stone from 
the mast take two pulse beats. Then cause the ship to move, 
and drop the same stone from the same place; from what 
has been said, it will still take two pulse beats to arrive at 


Remarkable 
phenome- 
non in the 
motion of 
projectiles. 


180 - The Second Day 


the deck. In these two pulse beats the ship will have gone, 
say, twenty yards, so that the actual motion of the stone 
will have been a diagonal line much longer than the first 
straight and perpendicular one, which was merely the 
length of the mast; nevertheless, it will have traversed this 
distance in the same time. Now, assuming the ship to be 
speeded up still more, so that the stone in falling must fol- 
low a diagonal line very much longer still than the other, 
eventually the velocity of the ship may be increased by 
any amount, while the falling rock will describe always 
longer and longer diagonals, and still pass over them in the 
same two pulse beats. Similarly, if a perfectly level cannon 
on a tower were fired parallel to the horizon, it would not 
matter whether a small charge or a great one was put in, so 
that the ball would fallsa thousand yards away, or four 
thousand, or six thousand, or ten thousand, or more; all 
these shots would require equal times, and each time 
would be equal to that which the ball would have taken in 
going from the mouth of the cannon to the ground if it 
were allowed to fall straight down without any other im- 
pulse. 

Now it seems a marvelous thing that in the same short 
time of a straight fall from a height of, say, a hundred yards 
to the ground, the same ball driven by powder could go 

~ now four hundred, now a thousand, again four thousand, 
or even ten thousand yards, so that all shots fired point- 

_ blank would stay in the air for an equal time. 
SALV. This reflection is very beautiful by reason of its 
novelty, and if the effect is true it is most remarkable. And 
I have no doubt as to its correctness. Barring the acciden- 
tal impediment from the air, I consider it certain that if, 
when one ball left the cannon, another one were allowed to 
fall straight down from the same height, they would both 
arrive on the ground at the same instant, even though the 
former would have traveled ten thousand yards and the 
latter a mere hundred. Of course we are assuming the sur- _ 
face of the earth to be perfectly level; to guarantee this, the 
shots might be made over some lake. The impediment due 
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to the air would then be one of retarding the very great 
speed of the shot. 

Now if you are satisfied with this, let us get to the solu- 
tions of the other arguments, since, so far as I know, Sim- 
plicio is persuaded of the uselessness of this first one taken 
from bodies falling from heights. 

Simp. I do not feel that all my doubts are removed, but 
perhaps the fault is mine for not being as alert and quick- 
witted as Sagredo. It seems to me that if this motion which 
the stone shares while on top of the ship’s mast were, as 
you said, conserved in it also after it is separated from the 
ship, then it would likewise be necessary for a ball dropped 
to earth by the rider of a galloping horse to continue to 
follow the horse’s path without lagging behind. I do not be- 
lieve that this effect is seen except when the rider throws 
the ball forcibly in the direction in which he is riding. Out- 
side of that, I believe that it will remain where it strikes the 
ground. 

SALV. I think you are much deceived, and I am sure that 
experience will show you on the contrary that the ball, 
having hit the ground, does run along with the horse and 
does not drop behind, except as the roughness and un- 
evenness of the path impedes it. And the reason seems 
clear to me, too. For if you, standing still, were to throw the 
same ball along the ground, would it not continue the mo- 
tion also after it was out of your hand? And the distance 
would be the longer according as the surface was the more 
even; on ice, for example, it would go a long way. 

Simp. No doubt it would, if I gave it an impetus with my 
arm; but in the other example it was assumed that the 
horseman merely let it fall. 

SALV. That is what I want to have happen. When you 
throw it with your arm, what is it that stays with the ball 
when it has left your hand, except the motion received 
from your arm which is conserved in it and continues to 
urge it on? And what difference is there whether that im- 
petus is conferred upon the ball by your hand or by the 
horse? While you are on horseback, doesn’t your hand, and 
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consequently the ball which is in it, move as fast as the 
horse itself? Of course it does. Hence upon the mere 
opening of your hand, the ball leaves it with just that much 
motion already received; not from your own motion of 
your arm, but from motion dependent upon the horse, 
communicated first to you, then to your arm, thence to 
your hand, and finally to the ball. 

I should add that if the rider threw the ball in the direc- 
tion opposite to his course, when it struck it would some- 
times still follow the horse’s route, and sometimes it would 
lie still on the ground; it would move away from him only 
if the motion received from the arm exceeded that of the 
rider in velocity. And it is folly to say, as some do, that a 
cavalryman can cast his javelin before him, pursue it on his 
horse, overtake it and recapture it. I say this is folly because 
in order to have the projectile return to his hand he would 
have to throw it straight up, in the same way as if he were 
standing still. Let his course be what you will, provided 
only that it is uniform; then unless the thing thrown is ex- 
tremely light, it will always fall back into the thrower’s 
hand no matter how high it is thrown. 
SAGR. By this doctrine I am reminded of some curious 
problems about projectiles, the first of which must seem 
very strange to Simplicio. It is this: I say that it is possible 
for a ball merely dropped by someone moving very rapidly 
in any way, when it has arrived at the ground, not only to 
follow his course but to anticipate this somewhat. This 
problem is connected with the fact that a movable body 
thrown along the plane of the horizon may acquire a new 
velocity rather greater than that conferred upon it by the 
thrower. 

I have often observed this effect with astonishment 
when I have been watching people play with hoops (ruz- 
zole). These, after they have left the hand, are seen to go in 
the air with a certain velocity which is afterward greatly 
increased upon their arrival on the ground; and if in 
rolling they bump into some obstacle which makes them 
jump into the air, they are seen to go much more slowly; 
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falling back to the ground, they are once more moved with 
greater speed. But what is strangest of all is that I have also 
seen that they not only always go faster on the ground than 
in the air, but that of two stretches both passed on the 
ground, the motion in the second is sometimes faster than 
that in the first. Now what would Simplicio say to that? 
SIMP. I should say in the first place that I have not ob- 
served any such things; second, that I do not believe them; 
and then, in the third place, if you should assure me of 
them and show me proofs of them, that you would be a 
veritable demon. 

SAGR. One like Socrates’s, though; not one from hell. But 
the showing depends upon you; I say to you that if one 
does not know the truth by himself, it is impossible for 
anyone to make him know it. I can indeed point out things 
to you, things being neither true nor false; but as for the 
true—that is, the necessary; that which cannot possibly be 
otherwise—every man of ordinary intelligence either 
knows this by himself or it is impossible for him ever to 
know it. And I am sure that Salviati holds this opinion too. 
Therefore I tell you that the causes in the present problem 
are known to you, but are perhaps not recognized as such. 
Simp. Let us not argue about that now; allow me to tell 
you that I neither know nor understand the things in ques- 
tion. Therefore see if you can satisfy me as to these prob- 
lems. 

SAGR. This first one depends upon another, which is this: 
Why does a hoop when rotated with a cord go much far- 
ther, and consequently much more forcibly, than one 
merely spun by hand? ' 

Simp. Aristotle also makes perplexing a about 
such toys (questi protettt). 

SALV. Yes, indeed, and very ingenious ones; especially 
that one about why round wheels roll better than square 
ones. 

SAGR. Now as to the reason-for that, Simplicio, can’t you 
make up your own mind about it without somebody else 
teaching it to you? 
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Simp. Of course, of course; stop your sneering. 

SAGR. You know the reason for this other one, too, just as 
well. Tell me, do you know that a moving thing stops when 
it is impeded? 

SMP. I know that it does if the impediment is sufficiently 
great. 

SAGR. Do you know that it is a greater impediment for a 
moving body to have to move on the ground than in the air, 
the ground being rough and hard, and the air soft and 
yielding? 

Si1MP. Since I do know this, I know that the hoop will go 
faster in the air than on the ground, so that my knowledge 
is just the opposite of what you thought it was. 

SAGR. Not so fast, Simplicio. Do you know that among 
the parts of a moving body which is turning round its cen- 
ter, movements in every direction are to be found? So that 
some parts go up, some go down, some go forward, and 
some backward? 

Simp. J know it, and Aristotle taught it to me. 

SAGR. Please tell me by what kind of proof. 

S1MP. Proofs from the senses. 

SAGR. Then has Aristotle made you see what you would 
not have seen without him? Did he even lend you his eyes? 
You mean that Aristotle said it to you, made you notice it, 
reminded you of it; not that he taught it to you. 

Well, then, when a hoop turns on itself without chang- 
ing place, in a direction not parallel but vertical to the 
horizon, some of its parts go up and the opposite parts go 
down; the upper parts go in one direction and the lower 
parts in the other. Now picture to yourself a hoop which 
without changing place turns rapidly on itself and stays 
suspended in the air, and while rotating in this way, is 
dropped to the earth perpendicularly. Do you think that 
when it gets to the ground it will continue to revolve on it- 
self without changing place, as at first? 

SIMP. By no means. 
SAGR. Well, what will it do? 
SIMP. It will run quickly along the ground. 
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SAGR. In what direction? 
SIMP. In that toward which its whirling carries it. 
SAGR. There are two parts to its whirling; namely, the 
upper and the lower, which move contrary to one another; 
therefore you must say which it will obey. As to the as- 
cending and descending parts, one will not give in to the 
other; the whole will neither go down, being impeded by 
the earth, nor up, because of its weight. 
Simp. The hoop will go rolling along the ground in the di- 
rection toward which its upper parts tend. 
SAGR. And why not where the contrary parts tend; that is, 
those which touch the earth? 
Simp. Because the earth impedes those by the roughness 
of the contact; that is, by the very harshness of the ground. 
But the upper parts, which are in the thin and yielding air, 
are impeded little or not at all, and stain the hoop will 
go in their direction. 
SAGR. So that those parts underneath attach themselves, 
so to speak, to the earth, which holds them back, and only 
those parts above push on. 
SALV. And accordingly if the hoop should fall on ice or 
some other polished surface, it would not run on so well, 
but might perhaps continue to turn on itself without ac- 
quiring any other forward motion. 
SAGR. It is easily possible that this might follow; at least 
the hoop would not go rolling as fast as it would after 
falling upon a somewhat rough surface. But tell me, Sim- 
plicio, when the hoop is let fall spinning rapidly upon .it- 
self, why does it not go forward in the air also, as it does 
afterward when it is on the ground? 
Simp. Because having the air above and beneath it, neither 
of its parts have anything to attach themselves to; and with 
no more reason to go forward than backward, it falls plumb. 
SAGR. So that just this whirling about itself, without other 
impetus, can propel the hoop very rapidly when it gets to 
the ground. 

Now we come to the remainder. What is the effect upon 
the hoop of that cord which the hoop spinner has tied to 
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his. arm, and with which he drives the hoop after having 
wrapped this cord around it? - 
SMP. This forces it to turn upon itself in order to get free 
of the cord. 
SAGR. So then when the hoop arrives on the ground it is 
spinning upon itself thanks to the cord. Then is this not a 
cause in itself for the hoop being moved more rapidly on 
the ground than it could be in the air? 
Simp. Certainly itis for in the air it had no other impulse 
than that of the spinner’s arm; although it did also have its 
whirling, this, as has been said, does not propel it at all in 
the air. But upon its arrival on the ground, the progression 
- due to whirling is added to the motion of the arm and its 
speed is redoubled. And already I understand quite well 
that the speed of the hoop will diminish when it skips into 
the air, because it lacks the aid of the rotation; but on 
falling back to the ground it recovers this, and resumes 
moving faster than it did in the air. It remains only for me 
to understand how in this second trip on the ground it goes 
faster than during the first, for thus it would move perpet- 
ually, always accelerating. 
SAGR. I did not say without qualification that this second 
motion would be faster than the first, but that it could 
sometimes happen to be faster. 
Simp. That is what I am not satisfied er and wish to 
hear. 
SAGR. You know this also by yourself. Tell me, if you 
were to drop the hoop from your hand without spinning it, 
what would happen when it struck the ground? 
Simp. Nothing; it would remain there. 
SAGR. Might it not happen that it would acquire motion 
upon hitting the ground? Think about it. 
SIMP. Not unless we let it fall on some steep stone, as chil- 
dren do in playing a kind of marbles (chiose), and falling 
slantwise on this it should acquire a turning motion with 
which it could continue to roll along the earth; otherwise I 
do not know how it could do anything but stay where it 
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SAGR. That is just how it can acquire an added whirling. 
When the hoop, then, having skipped high up, falls back 
down, why may it not happen to hit on the slant of some 
rock stuck in the ground and tilted in the direction of its” 
motion? Acquiring more rotation from such a landing, its 
motion may be redoubled and it may be made faster than 
on its first striking the earth. 

SIMP. I see now that this could easily happen. And come 
to think of it, if the hoop were made to turn the other way 
upon its arrival at the ground, this would have the opposite 
effect; that is, the twist given to it would retard that which 
it had from the player. 

SAGR. It would retard it, and sometimes it would stop it 
entirely if this twist were fast enough. And herein lies the 
solution of the effect achieved by expert tennis players to 
their own advantage when they deceive their opponents by 
cutting the ball, as it is called. This consists in returning it 
with the racket slanted, in such a way that the ball takes on 
a spin contrary to its forward motion. It then follows that 
when it comes to earth, the rebound which would give the 
adversary the usual time to return it—for if it were not 
spinning, it would go toward him—seems dead, and the 
ball squashes itself to the ground, or bounces much less 
than usual, and breaks the timing of the return. This also 
explains what we see bowlers do who play to get a wooden 
ball closest to a given mark. When they are playing on a 
rocky road full of obstacles which would make the ball de- 
viate countless ways and not go toward the mark at all, in 
order to avoid all these they send the ball through the air 
as if they were playing quoits, instead of rolling it along 
the ground. But since in throwing the ball some spin is 
conferred upon it as it leaves the hand when the hand is 
held under the ball in the usual way, they make use of a 
trick of gripping the ball, holding the hand above and the 
ball below. Otherwise when the ball hit the ground near 
the mark it would run far beyond it, because of both the 
motion of throwing and that of spinning; but in this way a 
contrary spin is imparted to it upon its release, and it stops, 
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or runs only a little further upon hitting the ground near 
the mark. 

But to return to the main problem which was the occa- 
sion for these others arising, I say that it is possible for a 
person in very rapid motion to drop from his hand a ball — 
which, alighting on the ground, will not merely follow his 
motion but will run ahead of it still faster. In order to see 
such an effect, [ would have the course be that of a wagon, 
outside of which there would be fastened to one side a 

tilted board, with the lower part toward the horses and the 
higher part toward the back wheels. Now with the wagon 
going full speed, if someone in it lets a ball fall down the 
slope of this board, this will acquire its own spin by coming 
‘down rolling; and this, added to the motion received from 
the wagon, will carry the.ball on the ground rather faster 
than the wagon. And if another board were provided, tilted 
the opposite way, it would be possible to modify the motion 
' of the wagon in such a way that the ball going down this 
board would stop motionless when it hit the ground, and 
even sometimes run in the opposite direction to the wagon. 

But we have been off the subject too long, and if Sim- 

plicio is satisfied with the solution of this first argument 
against the mobility of the earth, derived from vertically 
falling bodies, the rest of them may be taken up. 
SALV. The digressions made up to this point are not so 
foreign to the matter in hand as to be called entirely apart 
from it. Moreover, from such things there result trains of 
reasoning awakened in the minds of not one of us alone, 
but all three. Besides, we are arguing for our own amuse- 
ment, and are not obligated to any such strictness as one 
would be who was methodically treating a subject for pro- 
fessional reasons, with the intention of publishing: it. I do 
not want this epic of ours to adhere so closely to poetic 
unity as to leave no room for episodes, for the introduction | 
of which the slightest relevance ought to suffice. It should 
be almost as if we had met to tell stories, so that it is per- 
mitted for me to relate anything which hearing yours may 
call to my mind. 
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SAGR. That suits me perfectly. And since we are being so 
expansive it may be all right for me to ask you, Salviati, be- 
fore going further, whether you have ever thought about 
what one may believe with regard to the line which is de- 
scribed by a heavy body falling naturally from the top of a 
tower to its base. If you have reflected on this, please tell 
me your thoughts. 
SALV. I have thought about it at times, and I have not the 
slightest doubt that if one were certain about the nature of 
the motion with which a heavy body descends in order to 
get to the center of the terrestrial globe, then by combin- 
ing this with the common circular motion of the diurnal 
rotation, one would discover exactly what sort of a line it 
is that the center of gravity of the body describes as a com- 
posite of those two movements. 
SAGR. As to the simple movement toward the center, de- 
pending on gravity, J think that one may believe absolutely 
without error that it is a straight line, exactly as it would be 
if the earth were immovable. 
SALV. As to this part one may not only believe it, but ex- 
perience renders it certain. _ 
SAGR. But how does experience assure us of this if we 
never do see any motion except that which is composed of 
the two, circular and downward? 
SALV. Rather, Sagredo, we never see anything but the sim- 
ple downward one, since this other circular one, common 
to the earth, the tower, and ourselves, remains impercepti- 
ble and as if nonexistent. Only that of the stone, not shared 
by us, remains perceptible; and of this our senses show that 
it is along a straight line always parallel to a tower which is 
built upright and perpendicular on the surface of the 
earth. 
SAGR. You are right, and indeed I have shown myself to 
be a dunce, such a simple matter not having occurred to 
me. But now that this is evident, what else do you say you 
want to have understood about the nature of this down- 
ward movement? : 

SALV. It is not enough to understand that it is straight. It is 
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required to know whether it is uniform or variable; that is, 
whether the same velocity is always maintained or whether 
there is a slowing down or an acceleration. 
SAGR. Surely it is clear that there is continual accelera- 
tion. 
SALV. Nor is this enough; it would be needful to know 
the ratio according to which such acceleration takes place. 
This problem, I believe, has not been known up to now 
by any philosopher or mathematician whatever; although 
_ by philosophers, especially Peripatetics, entire volumes— 
and large ones—have been written on the subject of 
motion. 
S1MP. Philosophers occupy themselves principally about 
universals. They find definitions and criteria, leaving to the 
mathematicians certain fragments and subtleties, which 
are then rather curiosities. Aristotle contented himself 
with defining excellently what motion in general is, and 
showing the main attributes of local motion; that is, that 
sometimes it is natural, sometimes forcible, sometimes it is 
simple, other times composite, on some occasions uniform 
and on others accelerated; and for the accelerated motions 
he was content to supply the causes of acceleration, leav- 
ing to mechanics or other low artisans the investigation of 
the ratios of such accelerations and other more detailed 
features. 
SaAGR. All right, Simplicio. But you, Salviati, descending 
sometimes from the throne of His Peripatetic Majesty, 
have you ever toyed with the investigation of these ratios 
of acceleration in the motion of falling bodies? 
SALV. I have not needed to think them out, because our 
common friend the Academician showed me a treatise of 
his on motion in which this is worked out along with many 
other questions. But it would be too great a digression for 
us to interrupt with this our present discussion, which for 
that matter is a digression itself; it would make, so to speak, 
a play within a play. 
SAGR. I am content to excuse you from this recital for the 
time being, on condition that this shall be one of the 
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propositions saved, among others, for examination in some 
special session, since such information is highly desirable 
to me. In the meanwhile let us get back to the line de- 
_ scribed by the body falling from the top of a tower to its 
base. 
SALV. If the straight movement toward the center of the 
earth were uniform, and the circular motion toward the 
east were also uniform, the two could be compounded into 
a spiral line; one of those defined by Archimedes in his 
book about the spirals bearing his name, which are those 
generated when a point moves uniformly along a straight 
line which is being uniformly rotated about a fixed point at 


one of its extremities. But since the motion of the falling. 


weight is continually accelerated, the line compounded of 
the two movements must have an ever-increasing ratio of 
successive distances from the circumference of that circle 
which would have been marked out by the center of grav- 
ity of the stone had it always remained on the tower. It is 
also required that this departure be small at the begin- 
ning—or rather minimal, even the least possible. For leav- 
ing from rest (that is, from the privation of downward 
motion) and entering into motion straight down, the 
falling weight must pass through every degree of slowness 
that exists between rest and any speed of motion. These 
degrees are infinite, as was discussed at length and decided 
already. 

Supposing, then, that such is the progress of accelera- 
tion; it being further true that the descending weight tends 
to end at the center of the earth, then the line of its com- 
pound motion must be such as to travel away from the top 
of the tower at an ever-increasing rate. To put it better, 
this line leaves from the circle described by the top of the 
tower because of the revolution of the earth, its departure 
from that circle being less ad infinitum according as the 
moving body is found to be less and less removed from the 
point where it was first placed. Moreover, this line of com- 
pound motion must tend to terminate at the center of the 
earth. Now, making these two assumptions, I drawthe cir- 
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cle BI with A as a center and radius AB, which represents 
the terrestrial globe. Next, prolonging AB to C, the height 
of the tower BC is drawn; this, carried by the earth along 
the circumference BI, marks out with its top the arc CD. 
~ Now dividing line CA at its 
4 > midpoint E, and taking E as a 
center and EC as radius, the 
semicircle CIA is described, 
along which I think it very proba- 
ble that a stone dropped from the 
top of the tower C will move, 
with a motion composed of the 
7 a general circular movement and 
Fic. 5 its own straight one. 
~ For if equal sections CE, FG, 
GH, HL are marked on the circumference CD, and 
straight lines are drawn to the center A from the points F, 
G, H, and L, the parts of these intercepted between the 
two circles CD and BI represent always the same tower 
CB, carried by the earth’s globe toward DI. And the points 
where these lines are cut by the arc of the semicircle CIA 
are the places at which the falling stone will be found at 
the various times. Now these points become more distant 
from the top of the tower in an ever-increasing proportion, 
and that is what makes its straight motion along the side of 
the tower show itself to be always more and more rapid. 
You may also see how, thanks to the infinite acuteness of 
‘the angle of contact between the two circles DC and CI, 
the departure of the stone from the circumference CFD 
(that is, from the top of the tower) is very, very small at the 
beginning, which is the same as saying that the downward 
motion is extremely slow; in fact, slower and slower ad in- 
jinitum according to its closeness to the point C, the state of 
rest. Finally, one may understand how such motion tends 
eventually to terminate at the center of the earth. 
SAGR. I understand the whole thing perfectly, and I can- 
not think that the center of gravity of the falling body fol- 
lows any other line but one such as this. 
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SALV. Hold on, Sagredo; I have also in store for you three 


little reflections of mine which may not displease you. The | 


first is that if we consider the matter carefully, the body re- 
ally moves in nothing other than a simple circular motion, 
just as when it rested on the tower it moved with a simple 
circular motion. 

The second is even prettier; it moves not one whit more 
nor less than if it had continued resting on the tower; for 
the arcs CK, FG, GH, etc., which it would have passed 
through staying always on the tower, are precisely equal to 
the arcs of the circumference CI corresponding to the 
same CF, FG, GH, etc. 

From this there follows a third marvel—that the true 
and real motion of the stone is never accelerated at all, but 
is always equable and uniform. For all these arcs marked 
equally on the circumference CD, and corresponding arcs 
marked on the circumference CI, are passed over in equal 
times. So we need not look for any other causes of acceler- 
ation or any other motions, for the moving body, whether 
remaining on the tower or falling, moves always in the 
same manner; that is, circularly, with the same rapidity, 
and with the same uniformity. 

Now tell me what you think of these curiosities of 
mine. 

SAGR. I tell you that I cannot find words to express the ad- 
miration they cause in me; and so far as my mind can make 
out at present, I do not believe that there is any other way 
in which these things can happen. I sincerely wish that all 
proofs by philosophers had half the probability of this one. 
Just to complete my satisfaction, I should like to hear the 
proof that those arcs are equal. 

SALV. The demonstration is very easy. Suppose a line to 
be drawn from J to E; now the radius of the circle CD, that 
is the line CA, being double the radius CE of the circle CI, 
the circumference of the former will be double that of the 
latter, and every arc of the larger circle will be double the 
similar arc of the smaller. Thus half the arc of the larger 
circle is equal to the arc of the lesser. And since the angle 
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CEI, made at the center E of the lesser circle and subtend- 
ing the arc CI, is double the angle CAD, made at the cen- 
ter A of the larger circle and subtending the arc CD, then 
the arc CD is one-half of the arc in the larger circle simi- 
lar to the arc CL. Hence the two arcs CD and CI are equal; 
and the same may be demonstrated in the same way for all 
the other parts. But that the descent of heavy bodies does 
take place in exactly this way, I will not at present declare; 
I shall only say that if the line described by a falling body 
is not exactly this, it is very near to it. 

SAGR. Well, Salviati, there is another remarkable sheng 
which I have just been reflecting about. It is that, according 
to these considerations, straight motion goes entirely out 
the window and nature never makes any use of it at all. 
Even that use which you granted to it at the beginning, of 
restoring to their places such integral, natural bodies as 
were separated from the whole and badly disorganized, is 
now taken away and assigned to circular motion. 

SALV. This would necessarily follow if the terrestrial 
globe were proved to move circularly, which I do not claim 
has been done. Up to this point I have only been consider- 
ing, and shall go on considering, the cogency of the rea- 
sons that have been assigned by philosophers as proofs of 
the immobility of the earth. The first of these, taken from 
the fall of perpendicular bodies, has suffered under all the 
difficulties that you have been hearing, but I don’t know 
how much importance Simplicio attaches to these. So be- 
fore going on to the testing of the other arguments, it. 
would be good for him to set forth anything he has to say 
against these. 

Simp. As to this first argument, I really must admit J have 
been listening to various subtleties that I have not thought 
about, and since they are new to me I cannot answer them 
right now. But I have never taken this argument based upon 
vertically. falling bodies to be one of the strongest argu- 
ments in favor of the immobility of the earth. I am wonder- 
ing what is going to happen to the argument from cannon 
shots, especially those opposite to the diurnal motion. 
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SAGR. If only the flying of the birds didn’t give me as 
much trouble as the difficulties raised by cannons and all 
the other experiments mentioned put together! These 
birds, which fly back and forth at will, turn about every 
which way, and (what is more important) remain sus- 
pended in the air for hours at a time—these, J say, stagger 
my imagination. Nor can I understand why with all their 
turning they do not lose their way on account of the 
motion of the earth, or how they can keep up with so 
great a velocity, which after all much exceeds that of their 
flight. 
SALV. Asa matter of fact, your point is well taken. Perhaps 
Copernicus himself was unable to find a solution which 
entirely satisfied him, and for that reason he remained 
silent on it. Though indeed he was very brief in his exam- 
ination of the other adverse arguments; by reason of the 
profundity of his mind, I suppose, and his preoccupation 
with the most abstruse reflections, just as a lion is but little 
impressed by the insistent baying of small dogs. Therefore 
let us save the objection of the birds for the last, and mean- 
while try to satisfy Simplicio as to the others by showing 
him that, as usual, he has the solutions at his fingertips 
though he does not notice them. 
First, let us take the flight of shots made with the same 
cannon, powder, and ball, now toward the east and now to 
the west. Tell me what it is that moves you to believe that, 
if the diurnal revolution were the earth’s, the westward 
shot would have to carry much farther than the eastward 
one? 
SiMP. I am inclined to believe this because on the east- 
ward shot the ball is followed by the cannon while it is nei. 
outside the cannon. The latter, carried by the earth, trav- the cannon 
els rapidly in the same direction; hence the fall of the ball a. 
to earth takes place but a short way from the cannon. In west should 
the westward shot, on the other hand, before the ball hits — go farther 
the earth the gun is removed far to the east, wherefore the ae 
space between the ball and the cannon—that is, the length east. 
of this shot—will appear greater than the other by the 
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length of the cannon’s path (that is, the earth’s) during the 
time the two balls are in the air. 

SALV. I should like to find some way of setting up an ex- 
periment which corresponds to the motion of these pro- 


jectiles as that of the ship corresponded to the motion of 


falling bodies. | am trying to think how to do so. 

SAGR. I believe it would turn out very satisfactorily to 
take a little open carriage, place a crossbow in it with the 
bolt at half-elevation (since in that way the shot goes far- 
thest of all), and then, while the horses are running, to 
shoot once in the direction of their motion and again the 
opposite way. Taking careful note where the carriage is at 
the moment the arrow strikes the ground in each case, it 
could be seen exactly how much farther the one carried 
than the other. 

S1MP. It seems to me that such an experiment would be 
very suitable, and I have no doubt that the shot (that is, the 
space between the arrow and the place where the carriage 
was when the arrow struck the ground) would be much less 
when it went in the direction of the carriage than when it 
went the other way. Let the shot in itself be 300 yards, for ex- 
ample, and the travel of the carriage while the arrow is in the 
air, 100 yards. Then, when the shooting is with its course, 
the carriage will pass 100 of the 300 yards of the shot, so that 
at the time the arrow strikes the ground the space between 
it and the carriage will be only 200 yards. But on the other 
hand in the shot with the carriage running opposite to the 
arrow, when the arrow shall have passed over its 300 yards 
and the carriage its 100 additional the other way, the dis- 
tance between them will be found to be 400 yards. 

SALV. Would there be any way to make these two shots 
travel equally? 

Simp. I don’t know of any other way than to make the car- 
riage stand still. 

SALV. That, of course; but I mean with the carriage going 
full speed. 

Simp. Only by bending the bow harder with the course 
and more weakly against the course. 
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SALV. Then there is another way, and this is it. But how 
much would you need to strengthen your bow, and later to 
weaken it? 

SIMP. In our example, in which we have assumed that the 
bow would shoot 300 yards, it would be required for the 
shot along the course to strengthen the bow so as to shoot 
400 yards, and the other way to weaken it so as to shoot no 
more than 200. Thus each shot would go out 300 yards 
with respect to the carriage, which, with its travel of 100 
yards which is to be subtracted from the shot of 400 and 
added to that of 200, would reduce both to 300. 

SALV. But what effect does the greater or lesser strength of 
the bow have upon the arrow? 

Simp. The strong bow shoots it with greater speed; the 
weaker with less. The same arrow goes as much farther one 
time than the other as the speed with which its nock goes 
forth is greater at one time than the other. 

SALV. So that to shoot the arrow in one direction as well as 
the other and have it depart equally from the moving car- 
riage, it is necessary that if on the first shot of the given ex- 
ample it leaves with, say, four degrees of speed, then on the 
other shot it must leave with only two. But if the same 
bowing is employed, three degrees will always be received 
from that. | 

Simp. That is it. That is why the shots cannot go forth 
equally if shot with the same bowing while the carriage is 
running. 

SALV. I forgot to ask at what speed it is assumed that the 
carriage is going in this particular experiment. 

Simp. The speed of the carriage must be assumed as one 
degree in comparison with the three of the bow. 

SALV. Yes, this makes the accounts balance. But, tell me, 
when the carriage is running, don’t all the things in the 
carriage move with that same speed? 

Simp. No doubt about it. 

SALV. Also the bolt, and the bow, and the string with 
which this is strung? 

Simp. That is right. 
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SALV. Then when the bolt is discharged in the direction of 
the carriage, the bow impresses its three degrees of speed 
‘upon a bolt which already possesses one degree, thanks to 
the carriage which carries it at that speed in that direction. 
Thus when the nock leaves the string it does so with four 
degrees of speed. And on the other hand, shooting the 
other way, the same bow confers its three degrees upon a 
bolt moving with one degree in the opposite direction, so 
that at its separation from the string only two degrees of 
speed remain with it. But you yourself have already de- 
clared that in order to make the shots equal it is required 
that the bolt leave with four degrees in one case, and with 
two in the other. Hence, without changing the bow, the 
course of the carriage itself regulates the flights, and this 
experiment clinches the matter for those who would not or 
could not be convinced of it by reason. 

Now apply this argument to the cannon, and you will 
find that whether the earth moves or whether it stands still, 
shots made with the same force must always carry equally 
no matter in what direction they are sent. Aristotle’s error, 
and Ptolemy’s, and Tycho’s, and yours, and that of all the 
rest, is rooted in a fixed and inveterate impression that the 
earth stands still; this you cannot or do not know how to 
cast off, even when you wish to philosophize about what 
would follow from assuming that the earth moved. Thus in 
the other argument, without reflecting that when the 
stone is on the tower it does whatever the terrestrial globe 
does about moving or not moving, and having it fixed in 
your mind that the earth stands still, you always argue 
about the fall of the rock as if it were leaving a state of 
rest, whereas you ought to say: “If the earth is fixed, the 
rock leaves from rest and descends vertically; but if the 
earth moves, the stone, being likewise moved with equal 
velocity, leaves not from rest but from a state of' motion 
equal to that of the earth. With this it mixes its superven- 
ing downward motion, and compounds out of them a 
slanting movement.” 

SIMP. But, good heavens, if it moves slantingly, why do I 
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see it move straight and perpendicular? This is a bald 

denial of manifest sense; and if the senses ought not to be 
believed, by what other portal shall we enter into philoso- 

phizing? 

SALV. With respect to the earth, the tower, and ourselves, 

all of which all keep moving with the diurnal motion along 

with the stone, the diurnal movement is as if it did not 

exist; it remains insensible, imperceptible, and without any 

effect whatever. All that remains observable is the motion 

which we lack, and that is the grazing drop to the base of 

the tower. You are not the first to feel a great repugnance 

toward recognizing this nonoperative quality of motion 

among the things which share it in common. 

SAGR. There has just occurred to me a certain fantasy  Sagredo’s 
which passed through my imagination one day while I was oe 
sailing to Aleppo, where I was going as consul for our re oe 
country. Perhaps it may be of some help in explaining how _ tiveness of 
this motion in common is nonoperative and remains as if niente 
nonexistent to everything that participates in it. If it is 
agreeable with Simplicio, I should like to discuss with him 

what I fancied to myself at that time. 

Simp. The novelty of the things I am hearing makes me 

not merely tolerant of listening, but curious; please go on. 

SAGR. If the point of a pen had been on the ship during 

my whole voyage from Venice to Alexandretta and had 

had the property of leaving visible marks of its whole 

trip, what trace—what mark—what line would it have 

left? 

SIMP. It would have left a line extending from Venice to 

there; not perfectly straight—or rather, not lying in the 

perfect arc of a circle—but more or less fluctuating ac- 

cording as the vessel would now and again have rocked. 

But this bending in some places a yard or two to the right 

or left, up or down, in a length of many hundreds of miles, 

would have made little alteration in the whole extent of 

the line. These would scarcely be sensible, and without an 

error of any moment it could be called part of a perfect 

ane, 
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SaGR. So that if the fluctuation of the waves were taken 
away and the motion of the vessel were calm and tranquil, 
the true and precise motion of that pen point would have 
been an arc of a perfect circle. Now if I had had that same 
pen continually in my hand, and had moved it only a little 
sometimes this way or that, what alteration should I have 
brought into the main extent of this line? 

Simp. Less than that which would be given to a straight 
line a thousand yards long which deviated from absolute 
straightness here and there by a flea’s eye. 

SAGR. Then if an artist had begun drawing with that pen 
on a sheet of paper when we left the port and had contin- 
ued doing so all the way to Alexandretta, he would have 
been able to derive froni:the pen’s motion a whole narra- 
tive of many figures, completely traced and sketched in 
thousands of directions, with landscapes, buildings, ani-- 
mals, and other things. Yet the actual, real, essential move- 
ment marked by the pen point would have been only a 
line; long, indeed, but very simple. But as to the artist’s 
own actions, these would have been conducted exactly the 
same as if the ship had been standing still. The reason that 
of the pen’s long motion no trace would remain except the 
marks drawn upon the paper is that the gross motion from 
Venice to Alexandretta was common to the paper, the pen, 
and everything else in the ship. But the small motions back 
and forth, to right and left, communicated by the artist’s 
fingers to the pen but not to the paper, and belonging to 
the former alone, could thereby leave a trace on the paper 
which remained stationary to those motions. 

Thus it is likewise true that the earth being moved, the. 
motion of the stone in descending is actually a long stretch 
of many hundred yards, or even many thousand; and had it 
been able to mark its course in motionless air or upon 
some other surface, it would have left a very long slanting 
line. But that part of all this motion which is common to 
the rock, the tower, and ourselves remains insensible and 
as if it did not exist. There remains observable only that 
part in which neither the tower nor we are participants; in 
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a word, that with which the stone in falling measures the 
tower. 

SALV. A very subtle idea for explaining this point, which 
for many people is rather difficult to understand. 

Now, unless Simplicio has something to say in reply, we 
may pass on to the other experiments, the unraveling of 
which will be not a little assisted by the things explained 
up to now. 

SiMpP. I have nothing special to say. I was half bemused by 
this sketching, and by thinking how these lines, drawn in so 
- many directions here and there, up and down, back and 
forth, and complicated by many turnings, are essentially 
and in reality only parts of one single line drawn in a sin- 
gle direction, with no variation except an occasional bend- 
ing of the straight mark a tiny bit to the right or left and the 
moving of the pen point faster or slower, but with a mini- 
mum of unevenness. Now J am thinking how a letter might 
be written in the same way, and how those most elegant 
writers who, to show the dexterity of their hands, draw a 
beautiful knot with thousands of turnings in a single stroke 
without taking pen from paper, would convert into one 
flourish all the motion of the pen (which is essentially a 
single line all drawn in the same direction and little bent or 
sloped from perfect straightness) while they were in a 
swiftly sailing boat. ] am very glad that Sagredo has awak- 
ened this thought in me. But let us proceed, for the hope of 
hearing the rest of this will keep me most attentive. 
SAGR. If you are curious to hear similar ingenuities, 
which do not occur thus to everyone, there is no lack of 
them for us, especially in this matter of navigation. Will it 
not seem to you a great idea that struck me on this same 
trip, when it occurred to me that the topgallant of the ship, 
without the mast breaking or bending, had made a longer 
voyage than the foot of the mast? For the top, being farther 
from the center of the earth than the foot, had to describe 
an arc of a greater circle than that passed by the latter. 
Simp. And thus when a man goes walking, his head travels 
farther than his feet? 
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SaGR. You have seen right through it for yourself, by your 


.own ingenuity. But let us not interrupt Salviati. 


SALV. I am pleased to see Simplicio exercising himself— 
if indeed the idea is his, and he has not borrowed it from a 
certain handbook of conclusions in which there are others 
no less elegant and ingenious. 

Let us, then, proceed with the discussion of the vertical 
cannon shot toward the zenith, and the return of the ball 
by the same line to the same gun, despite the fact that dur- 
ing its long separation from the cannon the earth has car- 
ried the latter many miles to the east. It seems that the ball 
ought to fall an equal distance to the west of the gun, or, 
since this does not occur, that the cannon must have 
awaited it without being moved. 

The solution is the same as that of the stone falling 
from the tower, and the whole fallacy and equivocation 
consists in constantly assuming as true that which is in 
question. For the adversary has it always fixed in his mind 
that the ball starts from rest on being shot from the piece; 
but it cannot leave from a state of rest unless rest is as- 
sumed for the terrestrial globe, which is the very conclu- 
sion in question. 

In replying to this, those who make the earth movable 
answer, that the cannon and the ball which are on the earth 
share its motion, or rather that all of them together have 
the same motion naturally. Therefore the ball does not 
start from rest at all, but to its motion about the center 
joins one of projection upward which neither removes nor 
impedes the former. In such a way, following the general 
eastward motion of the earth, it keeps itself continually. 
over the same gun during both its rise and its return. You 
will see the same thing happen by making the experiment 
on a ship with a ball thrown perpendicularly upward from 
a catapult. It will return to the same place whether the ship 
is moving or standing still. 

SAGR. This satisfies me entirely; but as I have noticed that 
Simplicio takes delight in certain ingenuities that serve to 
catch the unwary, so to speak, I shall ask him whether, sup- 
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posing the earth to stand still for the moment, and upon it 
to be a cannon pointed at the zenith, he has any trouble in 
understanding that it is truly shot perpendicularly, and 
that the ball on leaving and on returning goes by the same 
straight line—always assuming all external and accidental 
impediments to be removed. 
Simp. I understand that this is exactly what must 
happen. 
SAGR. Now if the cannon is not placed perpendicularly, 
but tilted in some direction, what must be the motion of 
the ball? Would it perhaps go like the other shot, along a 
perpendicular line, and return then by the same line? 
SIMP. Not so; leaving the cannon, its motion would follow 
a straight line continuing the alignment of the cannon, ex- 
cept in so far as its own weight would make it incline from 
that direction toward the earth. 
-SAGR. Then the alignment of the cannon is what regu- Projectiles 
lates the ball’s motion; and the ball does not move, or continue 
: were : 6 their mo- 
would not move out of that line, if its own weight did not tion along 
make it incline downward. Therefore if the cannon were’ the straight 
placed vertically and the ball were shot upward, it would eee 
return by the same straight line downward, for the ball’s » direction of 
motion due to its weight is downward along the same per- the motion 
é : that they 
pendicular. Hence the travel of the ball outside the gun 444 to- 


continues the alignment of that portion of the trip which gether with 


is made inside the gun. Is that not so? ae 
é : projecting 

Simp. That is the way it looks to me. them" @hile 

SAGR. Now picture to yourself the cannon erect and per- they were 


7 : ‘i : connected 
pendicular, and the earth turning upon itself with the di- jis 


urnal motion, carrying the piece with it; tell me what the 
motion of the ball will be inside the cannon, supposing this 
to be fired. 

Simp. It will be a straight and perpendicular motion, the 
cannon being aimed at the zenith. 

SAGR. Think it over carefully, because I think that it will 
not be perpendicular at all. It would indeed be perpendic- 
ular if the earth stood still, because then the ball would not 
have any motion except that given to it by the charge. But 
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if the earth is turning, the ball inside the cannon has also 
the diurnal motion, so that the impulse of firing being su- 
perimposed on this, it travels with two motions from the 
breech to the mouth of the piece, the compounding of 
which results in the motion made by the center of gravity 
of the ball being a slanting line. 

For a clearer comprehension of this, let the cannon AC 
be erect and the ball B be within it. It is obvious that if the 
gun stands still and is fired, the ball will go out by the 
mouth A, its center traveling along the piece describing 
the perpendicular line BA, and it will go on following this 
alignment outside the gun, moving toward the zenith. But 
if the earth goes round and consequently carries the can- 
non with it, then during the time in which the ball im- 
pelled by the charge is moving through the gun, the 
cannon carried by the earth will 
pass to the place DE, and the ball. 
B upon emerging will be at the 
muzzle D. The motion of the 
center of the ball will be accord- 
ing to the line BD—no longer 
perpendicular, but inclined to- 
ward the east. And, as was de- 
cided before, being obliged to 
continue its motion in the air ac- 
cording to the direction of the 
motion made within the piece, 
the ball’s movement will remain 

Fic. 9 in agreement with the slope of 
the line BD. This will not be per- 
pendicular, but inclined toward the east, in which direc- 
tion the cannon also is traveling; hence the ball will be able 
to follow the motion of the earth and of the gun. Now this, 
Simplicio, shows you how the shot which seems to be ver- 
tical is not so at all. 
SIMP. I am not quite convinced about this. And you, 
Salviati? 
SALV. Partly so, but I feel some uneasiness which I wish to 
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heaven I knew how to put in words. It seems to me that in 
accordance with what has been said, if. the gun is vertical 
and the earth moves, then the ball will fall neither to the 
west of the piece as Aristotle and Tycho would have it, nor 
yet upon it as I should like, but rather somewhat to the east. 
For according to your explanation it would have two mo- 
tions which would agree in casting it in that direction; that 
is, the general motion of the earth which carries the can- 
non and the ball from CA to ED, and that of the charge 
which hurls it along the slanted line BD, both motions 
being toward the east and therefore greater than the mo- 
tion of the earth. 

SAGR. No, sir; the motion which carries the ball toward 
the east comes entirely from the earth, and the firing has 
no part in this. The motion which impels the ball upward is 
entirely from the charge, and with this the earth has noth- 
ing to do. For surely if you do not fire the charge, the ball 
will never get out of the gun, nor will it rise a hairsbreadth; 
and likewise if you hold the earth still and fire the charge, 
the ball will go vertically without the slightest deviation. 
Thus, though the ball does have two motions, one up and 
the other around, from which are compounded the diago- 
nal BD, the upward impulse comes entirely from the firing, 
while the circular impulse comes wholly from the earth 
and is equal to that of the earth. And since it is equal, the 
ball will always maintain itself vertically over the mouth of 
the gun and will ultimately return into it. And keeping 1t- 
self always over the alignment of the cannon, it would also 
continually appear to be overhead to anyone near the gun, 
and would therefore seem to him to leave it exactly at right 
angles toward our zenith. 
Simp. Another difficulty remains with me. This is that the 
motion of the ball within the gun is so extremely fast as to 
make it seem impossible that in the moment of time dur- 
ing which the cannon goes from CA to ED it would confer 
such an inclination upon the diagonal line CD that the 
ball, thanks to this alone, could keep up with the course of » 
the earth while in the air. 
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SAGR. You are mistaken on several counts. First, I believe 
that the inclination of the diagonal CD would be much 
greater than you imagine, for I consider it unquestionable 
that the velocity of the earth’s motion, not only at the 
equator but even in our latitude, is greater than that of the 
ball when that is moving within the cannon; hence the in- 
terval CE would be absolutely greater than the whole 
length of the piece, and the inclination of the diagonal 
would consequently be more than half a right angle. But it 
is immaterial whether the velocity of the earth is greater 
or less than that of the shot, since if the velocity of the 
earth is small and consequently the slope of the diagonal is 
small, then little inclination is needed to make the ball 
continue to keep itself"over the cannon in its flight. In 
brief, if you think it over carefully you will understand 
that the motion of the earth, by transferring the cannon 
along with it from CA to ED, confers upon the diagonal 
CD whatever great or little inclination is required to adjust 
the shot to its demands. 

But you err in the second place by wanting to consider 
the ball’s property of keeping up with the earth as coming 
from the impetus of the firing. You are falling back into the 
error which Salviati appeared to commit a short time ago. 
Keeping up with the earth is the primordial and eternal 
motion ineradicably and inseparably participated in by 
this ball as a terrestrial object, which it has by its nature 
and will possess forever. 

SALV. Let us give in, Simplicio, for the matter stands just as 
he says. And now from this argument I begin to understand 
the hunter’s problem—that of those marksmen who kill 
birds in the air with their guns. I once thought that because — 
of the birds’ flight, aim must be taken some distance from 
the bird, anticipating it by a certain interval, more or less ac- 
cording to the speed of flight and the distance of the bird, to 
the end that the ball when fired would go along the direct 
line of sight and arrive at the same time and the same point 
as the bird would in its flight, and they would meet. There- 
fore I asked one of these men whether that was their prac- 
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tice, and he told me no, that the device used was much eas- 

ier and surer. They work in exactly the same way as if shoot- 

ing at a stationary bird; that is, they fix their sights ona flying 

bird and follow it by moving the fowling piece, keeping the 

sights always on it until firing; and thus they hit it just as they 

would a motionless one. So the turning motion made by the 

fowling piece in following the flight of the bird with the 

sights, though slow, must be communicated to the ball also; 

and this is combined with the other motion, from the firing. 

Thus the ball would have from the firing a motion straight 

upward, and from the barrel a slant according to the motion 

of the bird, exactly as has already been said about the can- 

non shot. There the ball was impelled upward toward the 

zenith by the charge, and inclined toward the east by the 

earth’s motion; from the two motions compounded, it fol- 

lowed the course of the earth and appeared to onlookers 

merely to go straight up, thereafter returning by the same 

line downward, Therefore, to hold the sights continually di- 

rected at the mark makes the shot carry properly. In order to 

hold the sights on the target if the mark is standing still, the 

barrel must be held still; and if the target is moving, the bar- 

rel will be held on the mark with that motion. 

Upon this depends the proper answer to that other ar- Solution of 

gument, about shooting with the cannon at a southerly or the objec- 
; : tion taken 

northerly mark. It was objected there that if the earth ¢om can- 

moved, the shots would all fall wide to the west, because non shots 

during the time the ball was going through the air toward ae rl 

the target after leaving the cannon, the target, being car- south. 

ried toward the east, would leave the cannon ball to the 

west. I reply, then, by asking whether it is not true that 

once the cannon was aimed at a mark and left so, it would 

continue to point at-that same mark whether the earth 

moved or stood still. It must be answered that the sighting 

changes in no way; for if the mark is fixed, the cannon is 

likewise fixed; and if it moves, being carried by the earth, 

the cannon also moves in the same way. And if the sights 

are so maintained, the shot always travels true, as is obvi- 

ous from what has been said previously. 
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SAGR. Just a minute please, Salviati, while I bring up 
something which occurs to me about these hunters and 
the flying birds. I believe that their way of operating is as 
you said, and I likewise think that it results in hitting the 
birds, but it does not seem to me that these actions exactly 
agree with those of shooting a cannon, which must hit just 
as accurately when gun and target are moving as when 
both are at rest. The disparity seems to me to be that in 
shooting the cannon, it and the target are moving with 
equal speed, both being carried by the motion of the ter- 
restrial globe. Although the cannon will sometimes be 
placed closer to the pole than the target and its motion 
will consequently be somewhat the slower, being made 
along a smaller circle, this difference is insensible because 
of the small distance from the cannon to the mark. But in 
the marksman’s shooting, the motion of the fowling piece 
with which he is following the bird is very slow in com- 
parison with the bird’s flight. It seems to me to follow 
from this that the small motion conferred upon the shot 
by the turning of the barrel cannot multiply itself in the 
air up to the speed of the bird’s flight, once the ball has 
left, in such a way that it always stays aimed at the bird. 
Rather, it seems to me that the bullet would necessarily be 
anticipated and left behind. It may be added that in this 
action the air through which the ball passes is not as- 
sumed to have the bird’s motion, whereas the cannon, the 
target, and the intervening air have equally the diurnal 
motion. So I believe that among the reasons that the 
marksman hits the bird, besides that of his following its 
flight with the gun barrel, there is that of anticipating it 
somewhat by keeping the sights ahead. Moreover, I be- 
lieve the shooting is done not with a single ball but with a 
large number of pellets which, spreading out in the air, 
occupy a very large space. And on top of this there is the 
very great speed with which they go toward the bird upon 
leaving the gun. 

SALV. See how far the flight of Sagredo’s wit anticipates 
and gets ahead of the crawling of mine, which might per- 
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haps have noticed these distinctions, but not without long 
mental application. 

Now returning to the subject, it remains to consider the 
point-blank shots toward east and west. The former, if the 
earth moves, ought to travel always high over the mark, 
and the latter beneath it, since the eastern parts of the 
earth (because of the diurnal motion) are always dropping 
below the tangent parallel to the horizon, for which reason 
the stars in the east appear to be rising; the western parts 
are rising, so that the stars in the west seem to go down. 
Hence the shots which are aimed along this tangent toward 
an eastern target (which is going down while the ball is 
traveling along that tangent) ought to arrive high; and 
those to the west, low, because of the rising of the target 
while the ball goes along the tangent. The explanation is 
similar to the others; just as the eastern target is continu- 
ally setting because of the motion of the earth under a mo- 
tionless tangent, so also the cannon for the same reason 
continually declines and keeps on pointing always at the 
same mark so that the shots carry true. 

And this seems to me an appropriate time to take notice 
of a certain generosity on the part of the Copernicans 
toward their adversaries when, with perhaps too much lib- 
erality, they concede as true and correct a number of ex- 
periments which their opponents have never really made. 
Such, for example, is that of the body falling from the mast 
of a ship while it is in motion, and there are many others, 
among which | am positive is this one of cannon shots to 
the east carrying high and those to the west, low. And be- 
cause I believe it has never been done, I should like to have 
them tell me just what difference they think ought to be 
perceived between the same shots, taking the earth first as 
motionless and then as moving. Simplicio, reply to this for 
them. 

SIMP. I cannot pretend to answer as soundly as perhaps 
someone might who was better informed than I, but I shall 
say what seems to me at the moment would be their reply. 
It is in fact just what has already been shown—that if the 
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earth were moving, eastward shots would always carry 
high (and so forth) provided that the ball was compelled to 
move along the tangent, as seems probable. 

SALV. And if I should say that that is what actually hap- 
pens, how would you go about refuting my statement? 
Simp. An experiment would be required to clear it up. 

S ALV. But do you think that there is a cannoneer who is so 
skillful that he could hit the mark every time at, say, 500 
yards? 

SiMP. Goodness, no; I doubt if there is one, no matter how 
expert, who could promise to err proportionately no more 
than a yard. 

SALY. Then how could we settle our question, with such 
inconclusive shooting? ~ 

S1MP. We could resolve it in two ways; one, by firing many 
shots, and the other, from the fact that in view of the 
tremendous velocity of the earth, the deviation from the 
mark would, I think, be enormous. 

SALV. Enormous—that is, much greater than a yard; for so 
much variation, or even more, is granted to occur ordinar- 
ily even if the earth is at rest. 

Simp. I am sure that the variation would be very much 
greater, 

SALV. Now, if you are willing, let us make for our own sat- 
isfaction a rough calculation; if it comes out as I expect, it 
will serve us also as a warning in the future not to be taken 
in by other people’s shouting, so to speak, and yield to 
whatever happens first to strike our fancy. Moreover, to 
give every advantage to the Peripatetics and Tychonians, 
let us imagine ourselves to be at the equator, shooting a 
cannon point-blank toward the west at a target 500 yards 
distant. First let us see approximately how much time can 
elapse while the ball, having left the gun, is going toward 
the mark. We know this to be brief, certainly no more than 
that in which a pedestrian takes two steps, and this in turn 
is short of one second. For suppose the pedestrian to walk 
three miles an hour; that is, nine thousand yards; since an 
hour contains 3,600 seconds, he will take two and a half 
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steps a second. So one second is longer than the time the 
ball is in motion. And since the diurnal revolution takes 
twenty-four hours, the western horizon rises fifteen de- 
grees in an hour, or fifteen minutes of arc in a minute of 
time, or fifteen seconds of arc in a second of time. Now 
since one second is the time required for the shot, the 
western horizon rises in this time fifteen seconds of arc, 
and the target an equal amount. Hence it rises fifteen sec- 
onds of the arc of that circle whose radius is 500 yards, this 
being supposed to be the distance of the target from the 
cannon. Now let us see, in a table of arcs and chords (here 
it is, right in Copernicus’s book) what the chord of fifteen 
seconds is for a radius of 500 yards. Here, you see, the 
chord of one minute is less than thirty parts where the ra- 
dius is 100,000. Then for the same radius, the chord of one 
second would be less than one-half of one such part; that 
is, less than one part where the radius 1s 200,000; therefore 
the chord of fifteen seconds would be less than fifteen parts 
in 200,000. But that which is less than fifteen parts in 
200,000 is nevertheless greater than four one-hundredths 
of one part in 500. Hence the rising of the target while the 
ball is in motion is less than four one-hundredths—that is, 
one twenty-fifth—of a yard, or about an inch. Therefore 
just one inch would be the entire variation of a westward 
shot if the earth made the diurnal motion. 

Now if I say to you that this variation actually occurs in 
all the shots (I mean going one inch below where they 
would go if the earth did not move), how would you go 
about convincing me otherwise, Simplicio, and showing by 
experiment that this did not happen? Don’t you see that it 
is impossible to refute me without first finding a method of 
shooting with such precision at a mark that you never miss 
by a hairsbreadth? For when the shots vary by a yard, as 
they do in fact, I shall always tell you that each one of these 
variations contains one of one inch caused by the motion 
of the earth. 

SAGR. Excuse me, Salviati, but you are too generous. I can 
tell the Peripatetics that if every shot hit square in the cen- 
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ter of the target, it would not contradict the motion of the 
earth one bit; for cannoneers are always so experienced in 
adjusting the sights to the target and so expert at pointing 
the gun at the mark that the shot would hit it despite the 
motion of the earth. And I say that if the earth should stop, 
their shots would mot hit the mark, but those to the west 
would carry high and those to the east, low. Now let Sim- 
plicio persuade me of the contrary. 

SALV. A paradox worthy of Sagredo. But it must be seen 
that this variation due to the rest or motion of the earth, 
since it can only be very small, cannot but be submerged in 
the large ones which continually occur on account of acci- 
dents. And this is all said and granted for good measure to 
Simplicio merely as a warning of how carefully we must 
tread in conceding the truth of many experiments to those 
who have never performed them, but who boldly would 
produce such as are needed to serve their purposes. I say 
that this is thrown into the bargain for Simplicio, because 
the plain truth is that with regard to the effects of these 
shots the same thing exactly must happen with or without 
the motion of the earth. And such will be the fate of all 
other experiments put forth or capable of being put forth, 
though they have at first glance an appearance of truth, 
inasmuch as the ancient idea of the earth’s immobility 
keeps us in the midst of equivocations. 

SAGR. For my part I am fully satisfied, and I understand 
perfectly that anyone who will impress upon his mind this 
general communication to all terrestrial things of the diur- 
nal motion (which suits them all naturally, just as in the an- 
cient idea it was considered that rest with respect to the 
center suited them) will discern without any trouble the 
fallacy and the equivocation that make the arguments ap- 
pear conclusive. 

There remains for me only that doubt which I hinted at 
before, about the flight of birds. Since these have the lively 
faculty of moving at will in a great many ways, and of 
keeping themselves for a long time in the air, separated 
from the earth and wandering about with the most irregu- 
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lar turnings, I am not entirely able to see how among such 
a great mixture of movements they can avoid becoming 
confused and losing the original common motion. Once 
having been deprived of it, how could they make up for 
this or compensate for it by flying, and keep up with all the 
towers and trees which run with such a precipitous course 
toward the east? I say “precipitous,” because for the great 
circle of the globe it is little less than a thousand miles an 
hour, while I believe that the swallow in flight makes no 
more than fifty. 
SALV. If birds had to keep up with the course of the trees 
by means of their wings, they would soon fall behind; and 
if they were deprived of the universal rotation, they would 
remain so much behind and their westward course would 
be so furious that, to anyone who could see it, it would sur- 
pass that of an arrow by a great deal. But I think we should 
not be able to perceive it, just as cannon balls are not seen 
when they race through the air, driven by the energy of the 
charge. Now the fact is that the birds’ own motion—I 
mean that of flight—has nothing to do with the universal 
motion, from which it receives neither aid nor hindrance. 
What keeps that motion unaltered in the birds is the air it- 
self through which they wander. This, following naturally 
the whirling of the earth, takes along the birds and every- 
thing else that is suspended in it, just as it carries the 
clouds. So the birds do not have to worry about following 
the earth, and so far as that is concerned they could remain 
forever asleep: ; 
SAGR. I am easily convinced that the air can take the 
clouds along with it, they being of material which is very 
tractable by reason of its lightness and its lack of any con- 
trary tendency; indeed, they are of a material which shares 
in the qualities and properties of the earth. But birds, being 
animate, can also move contrary to the diurnal motion; and 
. that the air can restore this to them once they have inter- 
rupted it seems problematical to me, especially since they 
are solid and heavy bodies. As was said before, we see rocks 
and other heavy bodies remain defiant to the impetus of 
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the wind, and when they do give in to it they are never 
moved with any such speed as that of the wind which 
pushes them. 

SALV. Let us not grant to the moving air so little force, 
Sagredo; it is able to drive heavily laden ships and to up- 
root trees and to overthrow towers when it moves swiftly. 
Yet in such violent actions as these, its motion cannot be 
said by a long way to be as fast as the diurnal rotation. 
S1MP. You see, then; moving air will be able to keep up the 
motion of projectiles also, in accordance with Aristotle’s 
teaching. It did seem strange to me that he should have 
erred in this particular. 

SALV. It certainly would be able to do so if it could keep 
up its own motion. But just as ships stop and trees cease to 
bend when the wind slackens, so the motion of the air does 
not keep on after the stone has left the hand and the arm is 
stopped. Hence it remains true that something besides the 
air makes the projectile move. 

Simp. What do you mean, the ship stops when the wind 
slackens? It is often seen that the wind has stopped, and the 
sails have even been furled, and yet the vessel continues to 
travel for miles on end. 

SALV. This argues against you, Simplicio, if the air, which 
by carrying the sails propels the ship, is stopped, and with- 
out help of any kind from the medium the ship continues 
its course. 

Simp. It might be said that the water was the medium 
which propelled the ship and maintained its motion. 
SALV. Well, that certainly might be said, but it would be 
the exact opposite of the truth. For the truth is that the 
water has such a strong resistance to being separated by the 
ship’s hull that it works against this with much foaming and ~ 
does not let the ship receive a large part of that velocity 
which the wind would confer upon it if the hindrance of 
the water were not there. You must never have considered, 
Simplicio, the fury with which the water strikes against a 
boat when, rapidly driven by oars or by the wind, the boat 
runs through still water; if you had paid attention to this 
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effect you would not have thought up such a silly idea now. 
T'see that you have hitherto been one of that herd who, in 
order to learn how matters such as this take place, and in 
order to acquire a knowledge of natural effects, do not be- 
take themselves to ships or crossbows or cannons, but re- 
tire into their studies and glance through an index and a 
table of contents to see whether Aristotle has said anything 
about them; and, being assured of the true sense of his 
text, consider that nothing else can be known. 

SAGR. Happy are they, and much to be envied for this. For 
_ if a knowledge of everything is naturally desired, and if 
being informed is the same thing as taking credit for being 
informed, then they enjoy a very great knowledge. They 
can persuade themselves that they know and understand 
everything, in complete defiance of those who recognize 
their own ignorance of what they do not know. These lat- 
ter, perceiving that they know only the tiniest portion of 
what is knowable, exhaust themselves in waking and study- 
ing, and mortify themselves with experiments and obser- 
vations. 

But please let us return to our birds, with regard to 
which you have said that the air, moving very speedily, can 
_ restore that part of the diurnal movement which they may 
have lost in the sportings of their flight. To this I reply that 
the moving air does not seem able to confer upon a solid 
and heavy body so much as its own velocity, and since that 
of the air is that of the earth, it does not appear that the air 
would be sufficient to supply the deficit of that Jost by the 
birds in flight. 

SALV. Your argument puts up an appearance of much 
probability, and your doubt is not one that is raised by or- 
dinary intelligences; yet outside of its appearance, I do not 
believe that essentially it has a bit more force than those al- 
ready considered and disposed of. 

SAGR. There is not the slightest doubt that unless it is rig- 
orously conclusive, it is absolutely ineffective; for it is only 
when a conclusion is inescapable that no worthwhile argu- 
ment can be produced against it. 
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SALy. Your having more trouble with this objection than 
with the others seems to me to depend upon birds being 
animate, and thereby being able to use force at will against 


the original inherent motion of terrestrial objects. In just 


the same way, we see them fly upward when they are alive; 
a motion impossible to them as heavy bodies, so that 
when dead they can only fall downward. From this you as- 
sume that the causes which hold for all other sorts of pro- 
jectiles previously discussed cannot hold for birds. Well, 
this is true enough, Sagredo; and because it is true we do 
not see other projectiles do what birds do; for if you drop 
a dead bird and a live one from the top of a tower, the 
dead one will do the same as a stone; that is, it will follow 
first the general diurnal motion, and then the motion 
downward, being heavy. But as to the live bird, the diurnal 
motion always remaining in it, what is to prevent it from 
sending itself by the beating of its wings to whatever 
point of the compass it pleases? And such a new motion 
being its own, and not being shared by us, it must make it- 
self noticeable. If the bird moves off toward the west in its 
flight, what is there to prevent it from returning once 
more to the tower by means of a similar beating of its 
wings? For after all, its leaving toward the west in flight 
was nothing but the subtraction of a single degree from, 
say, ten degrees of diurnal motion, so that nine degrees 
remain to it while it is flying. And if it alighted on the 
earth, the common ten would return to it; to this it could 
add one by flying toward the east, and with the eleven it 
could return to the tower. In sum, when we consider well 
and reflect more closely upon the effects of flight in birds, 
these do not differ in any way from those of projectiles di- 
rected toward any part of the earth, except that the latter 
are moved by an external source and the former by an in- 
ternal principle. 

For a final indication of the nullity of the experiments 
brought forth, this seems to me the place to show you a 
way to test them all very easily. Shut yourself up with 
some friend in the main cabin below decks on some large 
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ship, and have with you there some flies, butterflies, and Experiment 
other small flying animals. Have a large bowl of water with Which alone 
some fish in it; hang up a bottle that empties drop by drop ee 
into a narrow-mouthed vessel beneath it. With the ship” all those 
standing still, observe carefully how the little animals fly gael 
with equal speed to all sides of the cabin. The fish swim in- ant 
differently in all directions; the drops fall into the vessel the earth. 
beneath; and, in throwing something to your friend, you 

need throw it no more strongly in one direction than an- 

other, the distances being equal; jumping with your feet to- 

gether, you pass equal spaces in every direction. When you 

have observed all these things carefully (though there is no 

doubt that when the ship is standing still everything must 

happen in this way), have the ship proceed with any speed 

you like, so long as the motion is uniform and not fluctuat- 

ing this way and that. You will discover not the least 

change in all the effects named, nor could you tell from 

any of them whether the ship was moving or standing still. 

In jumping, you will pass on the floor the same spaces as 

before, nor will you make larger jumps toward the stern 

than toward the prow even though the ship is moving quite 

rapidly, despite the fact that during the time that you are in 

the air the floor under you will be going in a direction op- 

posite to your sump. In throwing something to your com- 

panion, you will need no more force to get it to him 

whether he is in the direction of the bow or the stern, with 

yourself situated opposite. The droplets will fall as before 

into the vessel beneath without dropping toward the stern, 

although while the drops are in the air the ship runs many 

spans. The fish in their water will swim toward the front of 

their bowl with no more effort than toward the back, and 

will go with equal ease to bait placed anywhere around the 

edges of the bowl. Finally the butterflies and flies will con- 

tinue their flights indifferently toward every side, nor will 

it ever happen that they are concentrated toward the stern, 

as if tired out from keeping up with the course of the ship, 

from which they will have been separated during long in- 

tervals by keeping themselves in the air. And if smoke is 
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made by burning some incense, it will be seen going up in 
the form of a little cloud, remaining still and moving no 
more toward one side than the other. The cause of all these 
correspondences of effects is the fact that the ship’s motion 
is common to all the things contained in it, and to the air 
also. That is why I said you should be below decks; for if 
this took place above in the open air, which would not fol- 
low the course of the ship, more or less noticeable differ- 
ences would be seen in some of the effects noted. No 
doubt the smoke would fall as much behind as the air itself. 
The flies likewise, and the butterflies, held back by the air, 
would be unable to follow the ship’s motion if they were 
separated from it by a perceptible distance. But keeping 
themselves near it, they would follow it without effort or 
hindrance; for the ship, being an unbroken structure, car- 
ries with it a part of the nearby air. For a similar reason we 
sometimes, when riding horseback, see persistent flies and 
horseflies following our horses, flying now to one part of — 
their bodies and now to another. But the difference would 
be small as regards the falling drops, and as to the jumping 
and the throwing it would be quite imperceptible. 

SAGR. Although it did not occur to me to put these obser- 
vations to the test when I was voyaging, I am sure that they 
would take place in the way you describe. In confirmation 
of this I remember having often found myself in my cabin 
wondering whether the ship was moving or standing still; 
and sometimes at a whim I have supposed it going one way 
when its motion was the opposite. Still, I am satisfied so far, 
and convinced of the worthlessness of all experiments 
brought forth to prove the negative rather than the affir- 
mative side as to the rotation of the earth. 

Now there remains the objection based upon the expe- 
rience of seeing that the speed of whirling has a property 
of extruding and discarding material adhering to the re- 
volving frame. For that reason it has appeared to many, in- 
cluding Ptolemy, that if the earth turned upon itself with 
great speed, rocks and animals would necessarily be 
thrown toward the stars, and buildings could not be at- 
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tached to their foundations with cement so strong that 
they too would not suffer similar ruin. 

SALV. Before coming to the solution of this objection, I 
cannot help mentioning something I have noticed many 
times, and not without amusement. It occurs in nearly 
everyone-who hears for the first time of the earth’s motion. 
Such people so firmly believe the earth to be motionless 
that not only do they have no doubt of its being at rest, but 
they really believe that everyone else has always agreed 
with them in thinking it to have been created immovable 
and kept so in all past ages. Rooted in this idea, they are 
stupefied to hear that someone grants it to have motion, as 
if such a person, after having held it to be motionless, fool- 
ishly imagined it to have been set in motion when Pytha- 
goras (or whoever it was) first said that it moved, and not 
before. Now that a silly idea like this, of supposing that 
those who admit the earth’s motion believe it first to have 
been stable, from its creation up to the time of Pythagoras, 
and then made movable only after Pythagoras deemed it to 
be so, should find a place in the giddy minds of common 
people is no marvel to me; but that the Aristotles and the 
Ptolemies should also have fallen into this puerility truly 
seems to me strange and inexcusable simple-mindedness. 
SAGR. Then you believe, Salviati, that Ptolemy thought 
he needed to support the stability of the earth only by ar- 
guments directed against people who concede it to have 
been immovable up to the time of Pythagoras, and who af- 
firm it to have been made movable only when Pythagoras 
attributed motion to it? | 
SALV. I cannot help believing so, when we consider well 
the attitude he takes in refuting their proposition. His 
refutation is to be found in the demolition of buildings and 
the flinging of stones, animals, and men themselves toward 
the sky. Now such ruin and havoc could not be visited 
upon edifices and animals unless these existed on the earth 
in the first place, and men could not be located or edifices 
built upon the earth unless it was standing still. So it 1s ob- 
vious that Ptolemy is arguing against those who, having 
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granted quiescence to the earth for some time—that is, 
while animals and stones and masons could remain on it 
and build palaces and cities—suddenly make it movable 
afterward, to the ruin and destruction of the buildings, an- 
imals, etc. For if he had undertaken to dispute with those 
who attributed a whirling to the earth ever since its origi- 
nal creation, he would have refuted them by saying that if 
the earth had always moved, there never could have been 
beasts or men or stones upon it; much less buildings 
erected, cities founded, etc. ' 

S1MP.-I am not convinced of any Aristotelian or Ptolemaic 
impropriety here. : 

SALY. Ptolemy argues either against those who consid- 
ered the earth always’ movable or against those who 
thought it to be stable for a time and then to be set in mo- 


‘tion. If against the former, he ought to have said: “The 


earth has not always moved, for there would never have 
been men nor animals nor edifices on earth, the terrestrial 
whirling having not permitted them to stay.” But since his 
reasoning is, “The earth does not move, because beasts and 
men and buildings placed on the earth would be precipi- 
tated from it,” he assumes the earth to have been once in 


that state which would have allowed beasts and men to stay 


and build them. From this the conclusion is drawn that the 
earth has been fixed at some time; that is, adapted to the — 
stay of animals and the building of edifices. Now do you 
understand what I mean? 

Simp. Yes and no; but this has little to do with the merit of 
the case, nor can a slight error of Ptolemy’s, committed by 
inadvertence, suffice to move the earth if it is immovable. 
But all joking aside, let us get to the heart of this argument, 
which to me appears unanswerable. 

SaALv. And I, Simplicio, wish to tie it even tighter and - 
make it more binding by showing more sensibly how true 
it is that heavy bodies, whirled quickly around a fixed cen- 
ter, acquire an impetus to move away from that center even 
when they have a natural tendency to go toward it. Tie one 
end of a cord to a bottle containing water and, holding the 
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other end firmly in your hand (making your arm and the 

cord the radius, and your shoulder knot the center), cause 

the vessel to go around swiftly so that it describes the cir- 
cumference of a circle. Whether this is parallel to the hori- 

zon, or vertical, or slanted in any other way, the water will 

not spill out of the bottle in any event; rather, he who 

swings it will always feel the cord pull forcibly to get far- 

ther away from his shoulder. And if a hole is made in the 
bottom of the bottle, the water will be seen to spurt forth 

no less toward the sky than laterally or toward the ground. 

And if in place of water you put pebbles in the bottle, 

upon your turning it in the same manner it will be felt to 

exert the same force against the cord. Finally, small boys 

may be seen throwing rocks a great distance by whirling a 

slotted stick with a stone in the end. All these are argu- 

ments of the truth of the conclusion that whirling confers 

an impetus upon the moving body toward the circumfer- 

ence, if the motion is swift. And since, if the earth revolved 
‘upon itself, the motion of its surface (especially near the 
equator) would be incomparably faster than the objects 
mentioned, it would necessarily throw everything into the 

sky. 

SIMP. The objection does indeed seem to be much better 
established and tied down, and to my mind it will be a dif- 

ficult thing to remove it or unravel it. 

SALV. The unraveling depends upon some data well 

known and believed by you just as much as me, but be- 

cause they do not strike you, you do not see the solution. 
Without teaching them to you then, since you already 

know them, I shall cause you to resolve the objection by 
merely recalling them. sil 
Simp. I have frequently studied your manner of arguing, kind of 
which gives me the impression that you lean toward Plato’s _teminis- 
opinion that mostrum scire sit quoddam reminisct. So please re- catetiprto 
move all question for me by telling me your idea of this. _ Plato. 
SALV. How I feel about Plato’s opinion [ can indicate to 

you by means of words and also by deeds. In my previous 
arguments I have more than once explained myself with 
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deeds. I shall pursue the same method in the matter at 
hand, which may then serve as an example, making it eas- 
ier for you to comprehend my ideas about the acquisition 
of knowledge if there is time for them some other day, and 
if Sagredo will not be annoyed by our making such a di- 
gression. 

SAGR. Rather, I shall be much obliged. For I remember 
that when I was studying logic, I never was able to con- 
vince myself that Aristotle’s method of demonstration, so 
much preached, was very powerful. 

SALV. Then let us proceed. Simplicio, tell me what motion 
is made by that little rock, tight in the notch of the stick, 
when the boy moves it so as to cast it a long way? 

SiMP. The motion of the stone while it is in the notch is 
circular; that is, it travels along the arc of a circle whose 
fixed center is the shoulder knot and whose radius is the 
stick and the arm. 

SALV. And when the stone escapes from the stick, what is 
its motion? Does it continue to follow its previous circle, or 
does it go along some other line? 

Simp. It certainly does not go on moving around, for then 
it would not fly away from the thrower’s shoulder, and we 


should not see it go extremely far. 


SALV. Well, then, what is its motion? 
S1MP. Let me think a moment here, for I have not formed 
a picture of it in my mind. 
SALY. Listen to that, Sagredo; here is the guoddam reminisci 
in action, sure enough. 

Well, Simplicio, you are thinking a long time. 
SIMP. So far as I can see, the motion received on leaving 
the notch can only be along a straight line. Or rather, it is 
necessarily along a straight line, so far as the adventitious 
impetus is concerned. Seeing that it described an arc 
caused me some little trouble, but since that arc bends al- 
ways downward, and not in any other direction, I recog- 
nized that this inclination comes from the weight of the 
stone which naturally pulls it down. The impressed impe- 
tus, I say, is undoubtedly in a straight line. 
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SALV. But what straight line? An infinity of them can be 
drawn, in every direction from the notch and point of sep- 
aration between the stone and the stick. 
SIMP. It moves along the one which is in alignment with 
the motion which the stone made together with the stick. 
SALv. You have just finished telling us that the motion of 
the stone in the notch was circular. Now circularity and 
alignment exclude each other, no part of a circular line 
being straight. 

Si1MP. I do not mean that the projectile’s motion is in 
alignment with the whole circular motion, but with that of 
the last point, where the circular motion ended. I under- 
stand it completely in my own mind, but I do not know 
how to express it. 

SALV. I also see that you understand the thing itself, but 
lack the proper terms for expressing it. Now these I can in- 
deed teach you; that is, I can teach you the words, but not 
the truths, which are things. And so that you may plainly 
feel that you know the thing and merely lack terms to ex- 
press it, tell me: When you shoot a bullet with a gun, in 
what direction does it receive an impetus to go? 

SIMP. It acquires an impetus to go along that straight line 
which continues the alignment of the barrel, slanting nei- - 
ther to right nor to left, up nor down. 

SALV. Which is as much as to say that it makes no angle 
whatever with the straight line of its motion through the 
barrel. 

SMP. That is what I meant. 

SALV. Then if the line of motion of the projectile must 
extend so as to make no angle with the circular line it was 
describing while it was with the thrower; if that circular 
motion must pass into straight motion; what must this 
straight line be? 

Simp. It can be no other than that line which touches the 
circle at the point of separation. For all others would, it 
seems to me, intersect the circumference if produced, and 
would therefore make some angle with it. 

SALV. You have reasoned well, and have shown yourself 
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half a geometer. Keep it in mind, then, that your real con- 
cept is revealed in these words; that is, that the projectile 
acquires an impetus to move along the tangent to the arc 
described by the motion of the projectile at the point of its 


_ separation from the thing projecting it. 


Simp. I understand perfectly, and this is just what I meant. 
SALV. Which point of a straight line touching a circle is 
closest of all to the center of that circle? 

Simp. The point of contact, without doubt, for that is on 
the circumference of the circle and the others are outside 
it. And points on the circumference are all equally distant 
from the center. 

SALV. Then a moving body leaving from the point of con- 
tact and moving along the straight tangent will go contin- 
ually farther from the contact and also from the center of 
the circle. 

Simp. This is surely so. 

SALV. Now, if you have kept in mind the propositions 
which you have told me, collect them all together, and tell 
me what you gather from them. 

S1MP. I do not think I am so forgetful as to be unable to 
recall them. From what has been said, I gather that a pro- 
jectile, rapidly rotated by someone who throws it, upon 
being separated from him retains an impetus to continue 
its motion along the straight line touching the circle de- 
scribed by the motion of the projectile at the point of sep- 
aration. By this motion the projectile goes always farther 
from the center of the circle described by the motion 
which projects it. 

SALV. Then up to this point you know the reason for 
heavy bodies located on the surface of a rapidly moved 
wheel being cast off and thrown out from its circumfer- 
ence, always farther from the center. 

StMP. I believe I can say I am certain of that. But this new 
knowledge only increases my incredulity that the earth 
could revolve with such great speed and not throw to the 
skies all stones, animals, etc. 

SALV. In the same way that you knew what went before, 
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you will know—or rather, do know—the rest too. And by 
thinking it over for yourself you would likewise recall it by 
yourself. But to save time, I shall help you to remember it. 

Up to this point you knew all by yourself that the cir- 
cular motion of the projector impresses an impetus upon 
the projectile to move, when they separate, along the 
straight line tangent to the circle of motion at the point of 
separation, and that continuing with this motion, it travels 
ever farther from the thrower. And you have said that the 
projectile would continue to move along that line if it were 
not inclined downward by its own weight, from which fact 
the line of motion derives its curvature. It seems to me that 
you also knew by yourself that this bending always tends 
toward the center of the earth, for all heavy bodies tend 
that way. 

Now I shall pass on a little further and ask you whether 
the moving body in continuing its straight motion after the 
separation goes uniformly farther from the center (or from 
the circumference, if you like) of that circle of which its 
previous motion was a part. That is to say, do you believe a 
body which leaves from the point of tangency and moves 
along the tangent goes uniformly away from the point of 
contact and from the circumference of the circle? 

S1MP. No, indeed; because the tangent when close to the 
point of contact is very little distant from the circumfer- 
ence, with which it makes an extremely small angle. But as 
it goes farther and farther away, the distance increases in 
an increasing ratio. Thus in a circle that might have, for ex- 
ample, a diameter of ten yards, a point on the tangent two 
or three feet away from the contact will be three or four 
times as far from the circumference as a point one foot 
away, and a point only half a foot away I believe likewise 
would be hardly a quarter of the distance of the latter. As 
close to the contact as an inch or two, the tangent could 
scarcely be distinguished from the circumference. 

SALV. Then the departure of the projectile from the cir- 
cumference of its previous circular motion is extremely 
small at first? 
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Simp. Almost imperceptible. 

SaLv. Now tell me something else. How far away after the 
separation would the projectile commence to sink down- 
ward, having received from the thrower’s motion an impe- 
tus to move straight along the tangent, as indeed it esate 
move if its own weight did not draw it down? 

Simp. I think it would begin at once, for having nothing to 
sustain it, its own weight could not help acting. 
SALV. So that if the rock thrown from a rapidly moving 
wheel had any such natural tendency to move toward the 
center of the wheel as it has to go toward the center of the 
earth, it might very well return to the wheel, or rather — 
never leave it. For the distance traveled being so extremely 
small at the beginning of its separation (because of the in- 
finite acuteness of the angle of contact), any tendency that 
would draw it back toward the center of the wheel, how- 
ever small, would suffice to hold it on the circumference. 
SMP. I have no doubt at all that by assuming something 
which is not and cannot be so (that is, that the tendency of 
the heavy body is to go toward the center of the wheel), it 
would not be extruded or flung away. 

SALV. I do not assume, and have no need to assume, », that 
which is not; for I do not wish to deny that rocks are flung 
out. I am speaking thus only by way of hypothesis, so that 
you may tell me the rest. Now picture to yourself the earth 
as a huge wheel which, moving with great speed, must cast 
off the stones. You have already been able to tell me that 
the motion of the projectile must be along that straight 
line which touches the earth at the point of separation. 
And how noticeably does this tangent recede from the sur- 
face of the terrestrial globe? 

Simp. I doubt if it gets an inch away in a thousand yards. | 
SALV. And didn’t you say that the projectile, drawn by its 
own weight, sinks from the tangent toward the center of 
the earth? 

S1MP. That is what I said, and now J shall say the rest, too; 
J understand completely that the stone would not be sepa- 
rated from the earth, because its motion away in the 
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beginning would be so very minute that its inclination 
toward the center of the earth would be a thousand times 
stronger. The center in this case would be that of the earth 
as well as that of the wheel, so it must truly be conceded 
that stones, animals, and other heavy bodies could not be 
thrown off. . 

But now a new difficulty is created for me by things 
which are very light. These have a very weak tendency to 
descend toward the center, and since they lack the prop- 
erty of drawing back to the surface, I do not see why they 
do not have to be extruded; and as you know, ad destruen- 
dum sufficit unum. 

SALV. You shall have satisfaction as to this, too. But first 
tell me what you mean by “light things.” Do you mean ma- 
terial so light that it actually goes up, or merely that which, 
while not absolutely light, weighs so little that although it 
goes down, it does so but slowly? For if you mean ab- 
solutely light things, I shall grant them to be extruded as 
readily as you do. 

S1MP. I mean the other, such as feathers, wool, cotton, and 
the like, which the slightest force is sufficient to lift up, and 
yet which are seen to remain quietly on the earth. 

SALV. Since these feathers do have some natural tendency 
to descend toward the center of the earth, however small it 
is, I tell you that this is enough to prevent them being lifted 
up. Nor is this unknown to you. Tell me: If a feather were 
thrown off by the whirling of the earth, what direction 
would it take? 

Simp. That of the tangent at the point of separation. 
SALV. And if it were forced to return and rejoin the earth, 
along what line would it move? 

SimpP. Along that line going through it to the center of thie 
earth. 
SALV. So that two motions come under our consideration: 
a motion of projection, commencing at the point of con- 
tact and following the tangent, and another of downward 
tendency, commencing at the projectile and going along 
the secant toward the center. To have projection occur, it is 
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required that the impetus along the tangent prevail over 
the tendency along the secant. Is that not so? 

SIMP. It seems so to me. 

SALV. But what do you think would have to exist in the 
projecting motion in order for it to prevail over the down- 
ward tendency, so that the detachment of the feather and 
its departure from the earth would follow? 

Sime. I don’t know. 

-SALV. How can you help knowing? Here the moving body 
is one and the same—that is, the feather. Now how can the 
same moving body exceed its own motion and prevail over 
itself? 

Simp. I don’t see how it can prevail over or yield to itself 
in motion except by moving faster or slower. 

SALV. There; you see, you did know how. Now if there is 
to be a projection of the feather, and if its motion along the 
tangent is to prevail over its motion along the secant, then 
what must their velocities be? 
SIMP. The motion along the tangent must be greater than 
that along the secant. But how stupid of me! Isn’t the for- 
mer many thousands of times greater, not merely than the 
downward motion of the feather, but than that of the stone 
too? And I allowed myself, simple-mindedly enough, to be 
convinced that stones would not be extruded by the 
whirling of the earth! I take it back, then, and declare that 
if the earth did move, then stones, elephants, towers, and 
cities would necessarily fly toward the heavens; and since 
that does not happen, I say that the earth does not move. 
SALV. Oh, Simplicio, you yourself rise up so fast that I 
begin to fear more for you than for the feather. Relax a lit- 
tle, and listen. 

If, in order for the stone or feather resting on the sur- 
face of the earth to be retained, it were necessary that its 
descent should be greater than or equal to its motion made 
along the tangent, then you would be right in saying that it 
would have to move as fast or faster along the secant down- 
ward than along the tangent eastward. But didn’t you tell 
me a little while ago that a thousand yards along the tan- 
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gent from the point of contact, it would be scarcely an inch 
away from the circumference? So it is not enough for the 
tangential motion (which is that of the diurnal rotation) to 
be simply faster than the motion along the secant (which is 
that of the feather downward). The former must be so 
much faster that the time required to carry the feather a 
thousand yards along the tangent shall be less than that of 
its moving a single inch downward along the secant; which 
I tell you it will never be, though you make the latter mo- 
tion as fast and the former as slow as you please. 

Simp. And why couldn’t the motion along the tangent be 
so fast that it would not give the feather time to arrive at 
_the surface of the earth? 

SALV. Try to state your case quantitatively (7 termint), 
and I:shall answer you. Say, then, how much faster you 
think the latter motion should be made than the former in 
order to suffice. 

SIMP. I shall say that if, for example, the latter were a mil- 
lion times faster than the former, the feather (and the stone 
likewise) would be extruded. 

SALV. Saying this, you say what is false; not from any defi- 
ciency in logic or physics or metaphysics, but merely in 
geometry. For if you were aware of only its first principles, 
you would know that a straight line may be drawn from the 
center of a circle to a tangent, cutting this in such a way 
that the portion of the tangent lying between the contact 
and the secant will be a million, or two, or three million 
times greater than that portion of the secant which re- 
mains between the tangent and the circumference; and by 
degrees as the secant approaches the contact, this propor- 
tion becomes greater ad infinitum. So there is no danger, 
however fast the whirling and however slow the downward 
motion, that the feather (or even something lighter) will 
begin to rise up. For the tendency downward always ex- 
ceeds the speed of projection. 

SAGR. I am not quite convinced on this matter. 

SALV. I shall give you a perfectly a and yet a very 
easy demonstration of it. 
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A iy Given the ratio of BA to C, BA 
' WA being as much greater than C as you 
: y please, and let there be a circle with 
center D, from which it is required 
to draw a secant so that the tangent 
: : shall have the same ratio to this se- 
Fic. 10 _ cant as BA has to C. With respect to 
BA and C take the third propor- 
tional AI; as BI is to JA, make the diameter FE to EG. From 
the point G draw the tangent GH. I say that this is what 
was required, and that as BA is to C, so HG is to GE. For 
FE being to EG as BI is to IA, by composition FG is to GE 
as BA is to AI; and since C is the mean proportional be- 
tween BA and AI, GH is the mean between FG and GE. 
Therefore as BA is to C, so FG is to GH; that is, HG is to 
GE; which is what was required to be done. 
SAGR. I am satisfied with the demonstration, but it still 
does not entirely remove my doubts. Rather, I find a certain 
confusion turning over in my mind, like so many dense and 
dark clouds, and it prevents my seeing clearly the necessity 
of the conclusion with that lucidity which belongs to 
mathematical reasoning alone. What confuses me is this: It 
is true that the space between the tangent and the circum- 
ference decreases infinitely in the direction of the point of ' 
contact. But on the other hand it is also true that the ten-. 
dency in the moving body to descend always diminishes as 
the body approaches the limiting boundary ( primo termine) 
of its descent; that is, the state of rest. This is obvious from 
what you have said about it when showing that descending 
bodies departing from rest must pass through all degrees of 
slowness between rest and any assigned degree of speed, 
these being less and less ad infinitum. 

It may be added that this speed and this tendency to 
motion may diminish infinitely for yet another reason, 
arising from the weight of the moving body being capable 
of infinite diminution. Hence the causes which reduce its 
tendency to descend (and consequently favor its being 
thrown off) are two—the lightness of the moving body, 
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and its closeness to the point of rest; and both are infinitely 
susceptible of increase. But opposing these (which favor 
projection) there is but a single cause, and I do not under- 
stand how this, although it likewise is infinitely aug- 
mentable, can hold out alone against the conjunction and 
combination of the others, which are still two in number, 
both being infinitely augmentable. 

SALV. The objection does you credit, Sagredo, and in 
order to shed light on it so that we can more clearly com- 
prehend it (for you also mentioned 
holding it confusedly), let us define 2 
it by reducing it to a diagram, which 
will perhaps also bring it more easily 
to a solution. So let us mark thus a 
perpendicular line toward the cen- 
ter, AC, and let the horizontal line 
AB be at right angles to this, along 
which the motion of projection is 
made, and which the projectile would continue to follow 
with uniform motion if its weight did not bend it down- 
ward. 

Now suppose a straight line AE to be drawn from A, 
making any desired angle with AB, and let us mark off on 
AB some equal spaces AF, FH, and HK, drawing from 
these the perpendiculars FG, HI, and KL, down as far as 
AE. And since as we have remarked on other occasions the 
falling body starting from rest acquires always a greater 
degree of speed as time goes on, according to the time 
elapsed, we can picture the spaces AF, FH, and HK as rep- 
resenting equal times, and the perpendiculars FG, HI, and 
KL as representing the degrees of speed acquired in the 
said times. Thus the degree of speed acquired in the whole 
time AK will, by the line KL, be represented relatively to 
the degree HI acquired in the time AH, and to the degree 
FG acquired in the time AF; which degrees KL, HI, and 
FG obviously have the same ratios as the times KA, HA, 
and FA. And if other perpendiculars are drawn fram arbi- 
trary points marked on the line FA, smaller and smaller de- 
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grees will be found ad infinitum, always proceeding toward 
the point A, which represents the first instant of time and 
the original state of rest. This withdrawal toward A repre- 
sents the infinite diminution of the original tendency 
toward downward motion with the approach of the mov- 

-ing body to the original state of rest, which approach is in- 
finitely augmentable. 

Now let us.find that other diminution of speed which 
can be made ad infinitum by decreasing the weight of the 
body. This will be represented by drawing another line 
from the point A, making a smaller angle than BAE; let this 
be AD. This, cutting the parallels KL, HI, and FG in the 
points M, N, and O, shows us the degrees FO, HN, and 
KM acquired in the times AF, AH, and AK to be less than 
the other degrees FG, HI, and KL acquired in the same 
times but by a heavier body, this being a lighter one. And it 
is obvious that by withdrawal of the line EA toward AB, re- 
stricting the angle EAB (which can be done ad infinitum, 
just as weight can be infinitely decreased), the speed of the 
falling body and consequently the cause that impeded its 
projection comes likewise to be diminished ad infinitum. 
Hence it appears that from a combined diminution ad in- 
finitum of the two causes counter to it, projection cannot be 
impeded. 

Reducing the whole argument to a few words, let us say: 
By restricting the angle EAB, the degrees of speed LK, IH, 
and GF are diminished. By also withdrawing the parallels 
KL, HI, and FG toward the angle A, these same degrees 
are diminished, and both diminutions may proceed ad in- 
jinitum. Therefore the downward speed of motion can in- 
deed be diminished so much (admitting of a twofold 
diminution ad infinitum) that it no longer suffices to restore 
the moving body to the surface of the wheel, and conse- 
quently to impede its projection or prevent it. 

On the other hand, then, in order to prevent projection 
taking place it is necessary that those spaces through 
which the projectile has to descend in order to get back to . 
the wheel must be made so short and close that however 
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slow the descent of the moving body may be, even if infi- 
nitely diminished, it still suffices to take it back there. 
Hence it would be necessary to find a diminution of these 
spaces which was not merely infinite, but of an infinity 
such as to overcome the double infinity accomplished in 
decreasing the downward speed of the body. But how is a 
magnitude to be diminished still more than one which is 
doubly diminished ad infinitum? Take note, Simplicio, just 
how far one may go without geometry and philosophize 
well about nature! 

The degrees of speed, infinitely diminished by the de- 
crease of the weight of the moving body and by the ap- 
proach to the first point of motion (the state of rest), are 
always determinate. They correspond proportionately to 
the parallels included between the two straight lines meet- 
ing in an angle such as the angle BAE, or BAD, or some 
other angle infinitely acute but still rectilinear. But the 
diminution of the spaces through which the moving body 
must go to return to the surface of the wheel is propor- 
tional to another sort of diminution included between 
lines which contain an angle infinitely narrower and more 
acute than any rectilinear angle whatever, which is as fol- 
lows: Take some point C on the perpendicular AC, and 
_ with it as center describe the arc AM of radius CA. This 
will cut the parallels which determine the degrees of 
speed, no matter how compressed they may be within the 
most acute rectilinear angle. Of those parallels, the parts 
which lie between the arc and the tangent AB are the 
amounts of the spaces of return to the wheel. They grow 
always less than these parallels of which they are parts, and 
diminish in an increasing ratio as they approach the point 
of contact. 

Now, the parallels included between the straight lines, 
as they retreat toward the angle, always diminish in the 
same ratio; that is, AH being divided in the middle by the 
point F, the parallel HI will be double FG, and dividing FA 
in the middle, the parallel drawn from the point of division 
will be one-half FG. Continuing this division ad infinitum, 
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each subsequent parallel will be half of the next preceding 

one. But it is not thus with the line intercepted between 

the tangent and the circumference of the circle; for mak- 

ing the same division on FA and assuming, for example, 

that the parallel through H to the arc is double that 

through F, this latter will then be more than double the 

next one. And continually as we come closer to the contact 

A, the preceding line will contain the following line three, 

four, ten, a hundred, a thousand, a hundred thousand, a 

hundred million times, and more ad infinitum. Thus the 

shortness of such lines is reduced until it far surpasses 

what is needed to.make the projectile, however light, re- 

turn to (or rather be kept on) the circumference. 

SAGR. I am well satisfied with the entire argument and 

with its binding force. Yet it seems to me that if anyone 

wanted to pursue it further, he could raise some difficul- 

ties. He might say that, of the two causes which make the 

descent of the moving body slower and slower ad infinitum, 

it is obvious that the one which depends upon proximity to 

the first point of descent increases in a constant ratio, just 

as the parallels always maintain the same ratio to one an- 

other, and so on, but that it is not so obvious that the 

diminution of speed dependent upon the decrease of 

weight in the body—which is the second cause—would 

also be made in this same ratio. And who guarantees that 

this would not be made according to the ratios of the lines 

intercepted between the tangent and the circumference, or 

in some even greater proportion? 

SALV. I have been taking it as true that the speeds of nat- 

urally falling bodies follow the proportions of their 

weights, out of regard to Simplicio and Aristotle, who de- | 
clares this in many places as an evident proposition. You 

question this in favor of my opponents, saying that it might 

be that the speed increases in a greater ratio than that of 
the weights, even infinitely greater. With this, the whole - 
preceding argument falls to the ground. It remains for me 
to sustain it by telling you that the proportion of the 
speeds is much less than that of the weights, and in this 
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way not only to support but to strengthen what has been 
said. . 

Of this I adduce experiment as the proof, which will 
show us that a weight thirty or forty times heavier than an- 
other (for example a ball of lead and another of cork) will 
scarcely move more than twice as fast. Now if no projec- 
tion would occur when the speed of the falling body was 
diminished in the proportion of the weights, still less will 
it do so when the speed is but little diminished by much 
reducing the weight. 

But even assuming that the speed would decrease in a 
much greater ratio than that with which the weight was re- 
duced, and even if this ratio were that with which the par- 
allels between the tangent and the circumference were 
diminished, I am not necessarily convinced that even the 
lightest materials you can think of would necessarily be 
‘projected. Indeed, I declare that they would not be; under- 
standing, of course, not intrinsically light materials (that is, 
devoid of all weight and going upward by nature), but 
those which descend very slowly and have very little 
weight. What makes me believe this is that a diminution of 
weight made according to the ratio of the parallels be- 
tween the tangent and the circumference has as its ulti- 
mate and highest term the absence of weight, just as those 
parallels have for their ultimate term of reduction pre- 
cisely thdt contact which is an indivisible point. Now 
weight never does diminish clear to its last term, for then 
the moving body would be weightless; but the space of re- 
turn for the projectile to the circumference does reduce to 
its ultimate smallness, which happens when the moving 
body rests upon the circumference at that very point of 
contact, so that no space whatever is required for its return. 
Therefore let the tendency to downward motion be as 
small as you please, yet it will always be more than enough 
to get the moving body back to the circumference from 
which it is distant by the minimum distance, which is none 
at all. 

SAGR. The argument is truly very subtle, but nonetheless 
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convincing, and it must be admitted that trying to deal 
with physical problems without geometry is attempting 
the impossible. 

SALV. Simplicio will not say so, though I do not believe he 
is one of those Peripatetics who discourage their disciples 
from the study of mathematics as a thing that disturbs the 
reason and renders it less fit for contemplation. 

Simp. I would not do Plato such an injustice, although I 
should agree with Aristotle that he plunged into geometry 
too deeply and became too fascinated by it. After all, 
Salviati, these mathematical subtleties do very well in the 
abstract, but they do not work out when applied to sensible 
and physical matters. For instance, mathematicians may 


prove well enough in theory that sphaera tangit planum in 


puncto, a proposition similar to the one at hand; but when it 
comes to matter, things happen otherwise. What I mean 
about these angles of contact and ratios is that they all go 
by the board for material and sensible things. 

SALV. Then you do not believe that the tangent touches 
the surface of the terrestrial globe in one point? 

Simp. Not just in one point; I believe that a straight line 
would go for tens and hundreds of yards touching even the 
surface of water, let alone the ground, before separating 
from it. 

SALV. But don’t you see that if J grant you this, it will be 
so much the worse for your case? For if even assuming that 
the tangent lies removed from the earth except at one 
point, it has been proven that the projectile would not be 
separated, because of the extreme acuteness of the angle 


of contact (if it can indeed be called an angle), how much 


less cause will it have for becoming separated if that angle 
is completely closed and the surface united with the tan- 
gent? Do you not see that in this way the projection would 
take place along the very surface of the earth, which is as 
much as to say that it would not be made at all? So you see 
that the power of truth is such that when you try to attack 


it, your very assaults reinforce and validate it. 


But since I have removed this one error for you, I 
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should not like to leave you in that other error of consid- 

ering a material sphere not to touch a plane in a single 

point alone. I certainly hope that a conversation of only a 

few hours with persons who have some knowledge of 

- geometry will make you appear a little more knowing 

among those completely ignorant of it. Now to show you 

how great the error is of those who say, for example, that a 

sphere of bronze does not touch a steel plate in one point, 

let me ask you what you would think of anyone who might 
say—and stubbornly insist—that the sphere was not truly 

a sphere? 

S1MP. I should consider him quite bereft of reason. 

SALV. That is the state of anyone who says that the mate- Evena 
rial sphere does not touch a material plane in one point, — 
for saying so is the same as saying that the sphere is nota puches.a 
sphere. And to see that this is the case, tell me what the _ material 
essence of a sphere consists in; that is, what is it that makes ee te 
a sphere different from all other solid bodies? 

Simp. I believe that the essence of a sphere consists in its Definition 
having all the straight lines drawn from its center to its cir- of 4 sphere. 
cumference equal. _ 

SALV. So that if such lines were not equal, the solid would 

not be a sphere at all. 

SiMP. No. 

SALv. Next, tell me whether you believe that of many 

lines which may be drawn between two points, more than 

a single one can be straight. 

Sime. Certainly not. 

SALV. But still you understand that this one straight line 

will necessarily be shorter than all the others. 

Simp. I understand that, and I have a clear proof of it, of- 

fered by a great Peripatetic philosopher. It seems to me, if 

I remember correctly, that he set it forth as a reproach to 
Archimedes, who assumed this to be known when he 

might have proved it. 

SALV. This must have been a great mathematician, being 

able to prove what Archimedes did not know how to prove 

and could not prove. If you happen to remember the 
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demonstration, I should like to hear it; I recall quite well 
that Archimedes, in his books on the sphere and the cylin- 
der, places the proposition among the postulates, so I am 
certain that he took it to be incapable of demonstration. 
Simp. I think I remember it, for it is very short and simple. 
SALV. So much the greater the shame of Archimedes and 
the glory of this philosopher. 
Simp. I shall draw the figure for it. 

Between the points A and B draw the straight line AB 
and the curve ACB, of which it is to be proved that the 

straight line is the shorter; 


the proof is this. Take a 
point C on the curve, and 
A 8 draw two more straight 


Fiala * Hines AC and CB, the two of 
which are longer than the 

oon line AB; for Euclid proves this. But the curve ACB is 
greater than the two straight lines AC and CB; therefore, a 
fortiori, the curve ACB will be much greater than the 
straight line AB, which was to be proved. 
SALV. If you were to look through all the paralogisms in 
the world, I do not believe that a better example than this 
could be found to illustrate the most majestic fallacy of all 
fallacies; that of proving igwotum per ignotius. 
SIMP. In what way? 
SALV. What do you mean, “in what way?” Isn’t this the un- 
known conclusion which you wish to prove: That the 
curve ACB is longer than the straight line AB? And isn’t 
this the middle term, which you take as known: That the 
curve ACB is greater than the two lines AC and CB, which 
are known to be greater than AB? And if it is unknown that 
the curve is greater than the single straight line AB, why 
won't it be even more unknown that it is greater than the 
two straight lines AC and CB, which are known to be 
greater than just AB? Yet you take this as known. 
SIMP. I still do not see what the fallacy consists in. 
SALV. Since the two straight lines are greater than AB, just 
as Euclid knew, then whenever the curve is greater than 
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the two straight lines ACB, will it not be greater than the 
single line AB? 
SIMP. Certainly. 
SALV. That the curve ACB is greater than the straight line 
AB is the conclusion; this is better known than the middle 
term, which is that the same curve is greater than the two 
straight lines AC and CB. Now when the middle term is 
less well known than the conclusion, one must be proving 
ignotum per ignotius. 

Now back to our purpose. Tt is sufficient that you un- 
derstand that the straight line is the shortest of all lines 
that can be drawn between two points. And as to the main 
conclusion, you say that a material sphere does not touch a 
plane in a single point. Then what contact does it have? 
Simp. It will be part of the surface of the sphere. 
SALV. And likewise the contact of one sphere with an- 
other equal one will still be a similar portion of its surface? 
Simp. There is no reason that it should not be. 
SALV. Then also the two spheres will touch each other 
with the same two portions of their surfaces, since each of 
these being adapted to the same plane, they must be 
adapted to each other. 

Now imagine two spheres touching whose centers are Proof that 
A and B, and let their centers be connected by the straight Ss se 
line AB passing through their arts 
contact. Let it pass through single point. 
~ the point C, and take another 
point D in this contact, con- A 
necting the two straight lines pase 
AD and DB so that they form 
the triangle ADB. Then the Fic. 13 
two sides AD and DB will be 
equal to the other single side ACB, each of them contain- 
ing ‘two radii, which are all equal by definition of the 
sphere. And thus the straight line AB drawn between the 
two centers A and B will not be the shortest of all, the two 
lines AD and DB being equal to it; which you will admit is 
absurd. 
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Simp. This proves it for abstract spheres, but not material 
ones. 

SALV. Show me then where the fallacy of my argument 
lies, so that it is not conclusive for material spheres al- 
though it is for immaterial and abstract ones. 

SiMP. Material spheres are subject to many accidents to 
which immaterial spheres are not subjected. Why might it 
not be that a metallic sphere being placed upon a plane, its 
own weight would press down so that the plane would 
yield somewhat, or indeed that the sphere would be 
mashed at the contact? Besides it is hard to find such a per- 
fect plane, since matter is porous, or a sphere so perfect 
that all its radii are exactly equal. 

SALV. Oh, I readily grant you all these things, but they are 
beside the point. For when you want to show me that a ma- 
terial sphere does not touch a material plane in one point, 
you make use of a sphere that is not a sphere and of a plane 
that is no plane. By your own statement, spheres and 
planes are either not to be found in the world, or if found 
they are spoiled upon being used for this effect. It would 
therefore have been less bad for you to have granted the 
conclusion conditionally; that is, for you to have said that 
if there were given a material sphere and plane which were 
perfect and remained so, they would touch one another in 
a single point, but then to have denied that such were to be 
had. 

SIMP. I think that the philosopher’s proposition is to be 
taken in that sense, because doubtless it is the imperfection 
of matter which prevents things taken concretely from 
corresponding to those considered in the abstract. 

SALV. What do you mean, they do not correspond? Why, 
what you are saying right now proves that they exactly cor- 
respond. 

Simp. How is that? 

SALV. Are you not saying that because of the imperfection 
of matter, a body which ought to be perfectly spherical and 
a plane which ought to be perfectly flat do not achieve 
concretely what one imagines of them in the abstract? 
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S1IMP. That is what I say. 
SALV. Then whenever you apply a material sphere to a 
material plane in the concrete, you apply a sphere which is 
not perfect to a plane which is not perfect, and you say that 
these do not touch each other in one point. But I tell you 
that even in the abstract, an immaterial sphere which is not 
a perfect sphere can touch an immaterial plane which is Things in 
not perfectly flat in not one point, but over a part of its sur-_ the abstract 
face, so that what happens in the concrete up to this point een 
happens the same way in the abstract. It would be novel in- _ same re- 
deed if computations and ratios made in abstract numbers seer ll 
should not thereafter correspond to concrete gold and sil- concrete. 
ver coins and merchandise. Do you know what does hap- 
pen, Simplicio? Just as the computer who wants his 
calculations to deal with sugar, silk, and wool must dis- 
count the boxes, bales, and other packings, so the mathe- 
matical scienust (jfilosofo geometra), when he wants to 
recognize in the concrete the effects which he has proved 
in the abstract, must deduct the material hindrances, and if 
he is able to do so, I assure you that things are in no less 
agreement than arithmetical computations. The errors, 
then, lie not in the abstractness or concreteness, not in 
geometry or physics, but in a calculator who does not 
know how to make a true accounting. Hence if you had a 
perfect sphere and a perfect plane, even though they were 
material, you would have no doubt that they touched in 
one point; and if it is impossible to have these, then it was 
quite beside the purpose to say sphaera aenea non tangit in 
puncto. 

But I have something else to add, Simplicio: Granted 
that a perfect material sphere cannot be given, nor a per- all 
fect plane, do you believe it would be possible to have two = wee 
material bodies with their surfaces curved in some places a property 
as irregularly as you pleased? ee" Sa a 
SIMP. I believe there is no shortage of such ones. cate 
SALV. If there are such, then they also touch in one point; alone, but 
for meeting in a single point is not at all a special privilege one 


curved 
of the perfect sphere and a perfect plane. Rather, anyone figures. 
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who got to the bottom of this matter would find that it is a 
great deal harder to discover two bodies which touch with 
parts of their surfaces than with a point alone. For to have 
two surfaces fit together well, either both must be exactly 
flat, or if one is convex, the other must be concave with a 
curvature which exactly corresponds to the convexity of 
the other. Such conditions are much more difficult to, find, 
because of their too strict determinacy, than those others 
in which their random shapes are infinite in number. 
S1MP. Then you think that two stones or bits of iron taken 
at random and brought together will touch each other in a 
single point most of the time? 

S.ALV. In casual encounters I think not, as there will usu- 
ally be some little yielding dirt on them, and because they 
are not brought together ‘carefully without any striking, a 
very little of which suffices to make one surface yield to 
the other a bit so that they mutually take on each other's 
imprint, at least in some small portion. But if the surfaces 
were well scoured and both were placed upon a table so 
that one could not bear down upon the other, and then if 
one were gently pushed toward the other, I have no doubt 
that they could be brought into simple contact at a single 
point. 

SAGR. With your permission, I must bring up a certain 
difficulty of mine, inspired in me by hearing Simplicio ad- 
duce the impossibility of finding a material and solid body 
which would be perfectly spherical in shape, and by seeing 
Salviati lend assent to this by not contradicting it. Now I 
should like to know whether there would be the same dif- 
ficulty about forming a solid of some other shape; or, to ex- 
press myself better, whether the greater trouble would be 
encountered informing from a block of marble a perfect 
sphere or pyramid, or a perfect horse or grasshopper. 
SALV. I shall give you an answer to your first question, but 
first | apologize for the apparent assent [ gave to Simplicio. 
I did that merely for the time being, because before I went 
into this matter I had it in mind to say what is perhaps the 
same idea as yours, or one very much like it. Replying to 
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your first question, I say that if any shape can be given to a 
solid, the spherical is the easiest of all, as it is the simplest, 
and holds that place among all solid figures which the cir- 
cle holds among surfaces—the description of the circle, 
being easiest of all, having been considered by mathemati- 
cians as alone worthy of being placed among the postu- 
lates underlying the description of all other shapes. The 


formation of a sphere is so easy that if a circular hole is _ 


bored in a flat metal plate and any very roughly rounded 
solid is rotated at random within it, it will without any 
other artifice reduce itself to as perfect a spherical figure as 
possible, so long as the solid is not smaller than a sphere 
which would pass through the hole. And what is even more 
worthy of consideration is that spheres of various sizes 
may be formed within the same hole. But when it comes to 
forming a horse or, as you say, a grasshopper, I leave it to 
you to judge, for you know that few sculptors in the world 
are equipped to do that. I believe that Simplicio will not 
disagree with me as to this particular. 

S1MP. I do not know that I disagree with you at all. My 
opinion is that none of the shapes named can be perfectly 
obtained, but to approximate one as nearly as possible to 
the most perfect degree, I believe that it would be incom- 
parably easier to reduce a solid to a spherical shape than to 
the form of a horse or a grasshopper.. 

SaGR. And upon what do you think that this higher de- 
gree of difficulty would depend? 

Simp. Just as the great ease of forming a sphere stems 
from its absolute simplicity and uniformity, so an extreme 
irregularity makes the production of the other figures dif- 
ficult. 

SAGR. Then since the irregularity is the cause of the dif- 
ficulty, even the shape of a rock broken at random with a 
hammer would be among the shapes hard to produce, this 
being perhaps even more irregular than a horse? 

S1MP. It should be as you say. 

SAGR. But tell me: Whatever form this rock has, does it 
have this perfectly, or not? 


Spherical 
shape more 
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Simp. That which it has, it has so perfectly that nothing 
else corresponds to it so exactly. 

SAGR. Well, if of the shapes which are irregular, and 
hence hard to obtain, there is an infinity which are never- 
theless. perfectly obtained, how can it be right to say that 
the simplest and therefore the easiest of all is impossible to 
obtain? 

SALV. Please, gentlemen, it seems to me that we have gone 
off woolgathering. Since our arguments should continue 
to be about serious and important things, let us waste no 
more time on frivolous and quite trivial altercations. Please 
let us remember that to investigate the constitution of the 
universe is one of the greatest and noblest problems in na- 
ture, and it becomes still grander when directed toward an- 
other discovery; I refer to that of the cause of the flow and 
ebb of the sea, which has been sought by the greatest men 
who ever lived and has perhaps been revealed by none. 
Therefore if nothing remains to be brought up for the 
complete explanation of the objection derived from the 
whirling of the earth, which was the last thing adduced as 
an argument for its being motionless with respect to its 
own center, let us get on to the scrutiny of the evidence for 
and against its annual motion. 

SAGR. Salviati, I should not like you to measure the minds 
of us others with the yardstick of your own. You, having 
always occupied yours with the highest meditations, con- 
sider low and frivolous those which we take to be food for 
thought. But sometimes, just to please us, do not disdain to 
unbend and grant something to our curiosity. Thus, as to 
the explanation of the last objection, taken from the cast- 
ing off of things by the diurnal whirling, much less would. 
have satisfied me than what you produced; yet even the 
extra materials were so fascinating to me that not only did 
they not weary my mind, but by their novelty they have 
drawn me along with as much delight as I could wish for. 
So if any other reflections remain to be added by you, 
bring them forth, and for my part I shall be very os to 
hear them. 
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SALV. I have always taken great joy in the things I have 
found out, and next to this greatest pleasure I rank that of 
discussing them with a few friends who understand them 
and show a liking for them. Now, since you are one of 
these, I shall loosen the reins a little on my ambition 
(which much enjoys itself when I am showing myself to be 
more penetrating than some other person noted for his 
acuity) and I shall for good measure add to the last discus- 
sion one more fallacy on the part of the followers of 
Ptolemy and Aristotle, selected from an argument already 
set forth. 
SAGR. You may see how eagerly I await to hear it. 
SALV. Up to this point we have made no issue about grant- 
ing it to Ptolemy as an unquestionable fact that since the 
casting off of the stone is caused by the speed of the mov- 
ing wheel about its center, the cause of this casting off is 
augmented as the speed of whirling is increased. From this 
it was inferred that on account of the rapidity of the ter- 
restrial whirling being very much greater than that of any 
’ machine which we can rotate artificially, the consequent 
extrusion of stones, animals, etc. should be very violent. 

I now take note that there is a very gross fallacy in this 
argument when we indiscriminately compare such speeds 
with each other absolutely. It is true that if I make a com- 
parison between speeds of the same wheel, or of two equal 
wheels, then that which is turned the more rapidly will 
hurl stones with the greater impetus, and when the speed 
increases the cause of projection will increase also in the 
same ratio. But now suppose the speed to be made greater 
not by increasing the speed of a given wheel (which would 
be done by making it have a larger number of revolutions Cause for 
: : : . 5 projection 
in the same time), but by increasing the diameter and en- 45.5 not 
larging the wheel, preserving the same time for each revo- grow in 
lution of the large wheel as of the small one. The velocity ae 
would now be greater in the large wheel merely by reason when this is 
of its greater circumference. No one would suppose the _ increased 

” ; 4 . by enlarg- 

cause for extrusion to increase in the ratio of the speed of ing the 
its rim to that of the smaller wheel; that would be quite wheel. 
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false, as may be shown at once by a ready experiment, 
roughly as follows. We can throw a stone better with a stick 
a yard long than with one six yards long, even if the motion 
of that end of the long stick where the stone is stuck is 
more than twice as fast as the motion of the end of the 
shorter stick—as it would be if the speeds were such that 
during one complete revolution of the larger stick, “tite 
smaller one made three turns. 

SAGR. I completely understand that what you are telling 
me must necessarily take place as you say, Salviati. But I do 
not readily see why equal speeds should operate unequally 
in the extrusion of projectiles, being much more active in 
casting off from smaller than from larger wheels. There- 
fore I beg you to disclose to me how this takes place. 
Simp. Well, Sagredo, this time you do not seem to be quite 
up to your own standard. Usually you see through every- 
thing in an instant, yet now you are overlooking a fallacy 
that has crept into the stick experiment which I have been 
able to detect. This is the different manner of operation in 
making a cast with a short stick and with a long one. For in ‘ 
order to have the stone fly out of the notch, you must not 
continue the motion uniformly, but just when it is fastest 
you must check your arm and restrain the speed of the 
stick. By this means the swiftly moving stone will fly off 
impetuously. Now, you could not thus check the longer 
stick, which, because of its length and flexibility, would not 
completely obey the restraint of your arm but would con- 
tinue to accompany the rock through some distance, keep- 
ing in contact with a gentle restraint and not letting it 
escape as it would if the stick had struck against some solid 
obstacle. For if both sticks struck against some restraint 
which checked them, I-believe that the stone would fly 
from one Just as from the other, even though their motions 
were of equal speed. 

SAGR. With your permission, Salviati, I shall make some 
reply to Simplicio since he has challenged me. I say that in 
his argument there is both good and bad; good, in that most 
of it is true, and bad because it is entirely beside the point. 
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It is quite true that the stones will travel forward impetu- 

ously if that which is swiftly carrying them strikes against 

an immovable obstacle. This agrees with the effect which : Given that 

is seen every day in a boat traveling briskly which runs the diurnal 

: : whirling is 

aground or strikes some obstacle; everyone aboard, being  ¢he earth’s 

caught unawares, tumbles and falls suddenly toward the and that it 

front of the boat. If the terrestrial globe should encounter — 

an obstacle such as to resist completely all its whirling and — stopped by 

stop it, I believe that at such a time not only beasts, build- some obsta- 

ings, and cities would be upset, but mountains, lakes, and en 

seas, if indeed the globe itself did not fall apart. But all this then build- 

has nothing to do with our purpose. We are speaking of - oe 

what may follow from the earth’s motion of turning uni- perhaps the 

.formly and placidly upon itself, however great its speed whole globe 

may be ae 
Likewise what you say about the sticks is partly true, 

but Salviati did not bring this up as something exactly cor- 

responding to the matters we are dealing with. It is merely 

a rough example which is able to arouse the mind to inves- 

tigate more accurately whether the speed, in whatever 

manner it is increased, increases the cause of projection in 

the same ratio. For instance, if a wheel ten yards in diame- 

ter moved in such a manner that a point on its circumfer- 

ence traveled one hundred yards per minute, and thereby 

had the power (smpeto) with which to hurl a stone, would 

that power be increased a hundred thousand times in a 

wheel one million yards in diameter? Salviati denies that it 

would, and I am inclined to agree with him; but not know- 

ing the reason for this, I have asked him for it and am 

awaiting it with interest. 

SALV. What I am here for is to give you as much satisfac- 

tion as my abilities permit, and although it may have 

seemed to you at first that I was investigating things for-- 

eign to our purpose, still I believe that as the argument 

progresses we shall find that to be not so at all. But let 

Sagredo tell me those things in which he has observed the 

resistance of any moving body to consist. 

SAGR. At present the only internal resistance to being 
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The ten- 
dency of 
heavy bod- 
ies to down- 
ward 
motion 
equals their 
resistance 
to upward 
motion. 


moved which I see in a movable body is the natural incli- 
nation and tendency it has to an opposite motion. Thus in 
heavy bodies, which have a tendency toward downward 
motion, the resistance is to upward motion. 

I said “internal resistance” because I believe that this is 
what you. meant, and not external resistances, which are 
many and accidental. 

SALV. It is what I meant, and your perspicacity has de- 
feated my cunning. But if I have held back something in 
asking the question, I wonder whether Sagredo has been 
completely adequate in satisfying it with his answer, or 
whether there is not in the movable body, besides a natural 
tendency in the opposite direction, another intrinsic and 


natural property which makes it resist motion. So tell me 


once more: Do you not believe that the tendency of heavy 
bodies to move downward, for example, is equal to their 
resistance to being driven upward? 

SAGR. I believe it to be exactly so, and it is for this reason 
that two equal weights in a balance are seen to remain 
steady and in equilibrium, the heaviness of one weight re- 
sisting being raised by the heaviness with which the other, 
pressing down, seeks to raise it. 

SALV. Very well. So to have one raise the other, it would be 
necessary to add weight to the one pressing down, or sub- 
tract weight from the other. But if the resistance to upward 
motion consists only in heaviness, how does it happen that 
in a balance with unequal arms (that is, in a steelyard), a 
weight of one hundred pounds with its downward pressure 
(gravare) may be insufficient to raise one of four pounds 
which resists it, and that this latter one of four pounds, by 
sinking, may raise up one hundred? For such is the effect of 
the steelyard’s counterweight upon the heavy object that 
we wish to weigh. If resistance to being moved resided in 
heaviness alone, how could the steelyard counterweight of 
only four pounds resist the weight of a bale of wool or silk 
which will be eight hundred or a thousand, or even be able 
to overcome the bale with its moment (momento) and raise 
it up? So one must admit, Sagredo, that another resistance 
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and another power (forza) than that of simple heaviness 

are being dealt with here. 

SAGR. There is no escaping it, but tell me what this sec- 

ond force (virta) is. 

SALV. Itis that which did not exist in the equal-armed bal- 

ance. Consider what there is that is new in the steelyard, 

and therein lies necessarily the cause of the new effect. 

SAGR. I believe that your probing has caused something 

to stir vaguely in my mind. In both instruments, weight 

and motion are involved; in the balance, the movements 

are equal and therefore one weight must exceed the other 

in heaviness in order to move. In the steelyard, the lesser 

weight moves the greater only when the latter moves very 

little, being weighed at the lesser distance, and the former 

moves quite a way, hanging at the greater distance. One 

must say, then, that the smaller weight overcomes the re- 

sistance of the greater by moving much when the other 

moves little. 

SALV. Which is to say that the speed of the less heavy 

body offsets the heaviness of the weightier and slower 

body. 

SAGR. But do you believe that this speed exactly compen-_ Greater 

sates that heaviness? That is, that the moment and the speed ex- 
: : actly com- 

power of a moving body of say four pounds weight are as pensates for 

much as those of a body weighing one hundred, whenever’ increased 

the former has one hundred units of speed and the latter "8" 

only four units? 

SALV. Certainly, as I can show you by many experiments. 

But for the present let this single confirmation by the steel- 

yard be enough for you. In this you see that the light steel- 

yard counterweight is enough to sustain and balance the 

very heavy bale, when its distance from the center on 

which the steelyard is suspended, and about which it turns, 

is as many times the lesser distance from there to where 

the bale hangs, as is the absolute weight of the bale when 

compared with that of the steelyard counterweight. And 

for this inability of the huge bale with its weight to lift up 

the counterweight, so much lighter, one can see no other 
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cause than the disparity in the movements which must be 
made by each of them when the bale, by descending a sin- 
gle inch, makes the counterweight go up a hundred inches. 
It is here assumed that the bale weighs one hundred coun- 
terweights, and that the distance of the counterweight 
from the center of the steelyard is one hundred times the 
distance between that same center and the suspension 
point of the bale. For it is the same to say that the counter- 
weight is to be moved a space of one hundred inches while 
the bale is moved a single inch, as to say that the speed of 
motion of the counterweight is one hundred times the 
speed of motion of the bale. 

Now fix it well in mind as a true and well-known prin- 
ciple that the resistance coming from the speed of motion 
compensates that which depends upon the weight of an- 
other moving body, and consequently that a body weighing 
one pound and moving with a speed of one hundred units 
resists restraint as much as another of one hundred pounds 
whose speed is but a single unit. And two equal movable 
bodies will equally resist being moved if they are to be 
made to move with equal speed. But if one is to move 
faster than the other, it will make the greater resistance ac- 
cording as the greater speed is to be conferred upon it. 

These things asserted, let us get to the explanation of 
our problem, and for easier comprehension let us make a 
little diagram for it. 

Let there be two unequal wheels around this center A, 
BG being on the circumference of the smaller, and CEH 
on that of the larger, the radius ABC 
being vertical to the horizon. Through 
the points B and C we shall draw the 
tangent lines BF and CD, and in the 
arcs BG and CE we take two arcs of 
equal length, BG and CE. The two 
wheels are to be understood as ro- 
tating about their center with equal 
speed in such a way that two moving 
bodies will be carried along the cir- 
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cumferences BG and CE with equal speeds. Let the bodies 
be, for instance, two stones placed at B and C, so that in the 
same time during which stone B travels over the arc BG, 
stone C will pass the arc CE. 

Now I say that the whirling of the smaller wheel is 
much more powerful at projecting the stone B than is the 
whirling of the larger wheel at projecting the stone C. And 
since, as already explained, the projection would be along 
the tangent, if the stones B and C should be separated from 
their wheels and commence motions of projection from 
the points B and C, they would be flung along the tangents 
BF and CD by the impetus received from whirling. The 
two stones therefore have equal impetuses for traveling 
along the tangents BF and CD, and if no other power were 
to deviate them, it is along these that they would travel. 
Isn’t that so, Sagredo? 

SAGR. That is the way it seems to me the thing takes place. 
SALV. But what power do you think could deviate the 
stones from moving along the tangents, where the impetus 
of whirling actually casts them? 

SAGR. Either their own weight, or some glue which may 
hold them in place attached to the wheels. 

SALV. But to deviate a moving bedy from a motion for 
which it has the impetus, is not a greater or a lesser power 
needed, according as the deviation must be greater or less? 
That is, according as they must in this deviation pass 
through a greater or a lesser space in a given time? 

SAGR. Yes. For it was already concluded above that in 
order to make a body move, the faster it is to be moved the 
greater must be the moving force. 

SALV. Well, consider how in order to deviate the stone on 
the smaller wheel from the motion of projection that 
would be made along the tangent BF, and to keep it at- 
tached to the wheel, its weight would have to be pulled 
back as far as the secant FG, or rather the perpendicular 
drawn from the point G to the line BF, whereas on the 
larger wheel the withdrawal would need to be no more 
than the secant DE, or rather the perpendicular drawn 
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from the point E to the tangent DC. This is much less than — 
FG, and always less and less, the larger the wheel is made. 
And since these withdrawals have to be made in equal 
times (i.e., while the two equal arcs BG and CE are being 
traversed), that of stone B (viz., the retraction FG) will 
have to be much faster than the other, DE. Therefore much 
more force is needed to hold the stone B joined to its small 
wheel than the stone C to its large one, which is the same 
as to say that a smaller thing will hinder projection from 
the large wheel than will prevent it on the small one. And 
thus it is obvious that the larger the wheel becomes, the 
more the cause for projection is diminished. 
SAGR. From what I now understand, thanks to your 
lengthy analysis, I think I can satisfy my own mind with a 
very brief argument. Thus an equal impetus along the tan- 
gents being impressed upon both stones by the equal speed 
of the wheels, the large circumference is seen by reason of 
its small separation from the tangent to favor, in a way, and 
to cloy with dainty bites the appetite (so to speak) that the 
stone has for leaving the circumference; hence any small 
retention, whether from the stone’s own tendency or from 
some glue, is enough to keep it joined. This remains use- 
less for accomplishing the same on the small wheel, which, 
little favoring the direction of the tangent, tries too greed- 
ily to retain the stone, and (the glue being no stronger than 
that which holds the other stone united to the larger 
wheel) this stone loses hold and runs along the tangent. 
Meanwhile I am not only convinced that I was wrong 
about all this, having believed that the cause for projection 
grew according as the speed of whirling increased, but 
now I have begun to consider the following. Since the cast- 
ing off diminishes with the enlargement of the wheel, it 
might be true that to have the large wheel extrude things 
as does the small one, its speed would have to be increased 
as much as its diameter, which would be the case when 
their entire revolutions were finished in equal times. And 
thus it might be supposed that the whirling of the earth 
would no more suffice to throw off stones than would any 
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other wheel, as small as you please, which rotated so slowly 

as to make but one revolution every twenty-four hours. 

SALV. We shall not look further into this right now; it suf- 

fices that we have abundantly shown (unless I am much 

mistaken) the ineffectiveness of the argument which at 

first glance appeared to be very conclusive and has been 

deemed so by many great men. I shall consider the time and 

the words well spent if I have made some headway toward 

convincing even Simplicio, I shall not say of the motion of 

the earth, but at least that the conviction of those who do 

believe in it is not as ridiculous and foolish as the rank and 

file of philosophers hold it to be. 

Simp. The solutions produced so far to the objections 

raised against the diurnal revolution of the earth (ie., 

those taken from the fall of heavy bodies from the top of a 

tower, from projections perpendicularly upward or with 

any lateral inclination toward the east, west, south, north, 

etc.) have to some extent diminished in me the ancient dis- 

belief leveled against such an opinion. But now there are 

other great difficulties turning over in my mind, from Further ob- 

which I shall certainly never be able to escape. I believe _jections by 
: two modern 

that perhaps you yourselves would not be able to solve authors 

them, and it may be that they have never come to your against _ 

ears, being quite recent. These are the refutations by two CPermcus 

authors who write ex professo against Copernicus; the first 

are to be read in a booklet of scientific theses, and the 

others have been inserted by a great philosopher and 

mathematician in a treatise of his in favor of Aristotle and 

his opinion about the inalterability of the heavens. In this 

is proved that not only the comets but the new stars (that 

is, the one of 1572 in Cassiopeia and that of 1604 in 

Sagittarius) were not above the spheres of the planets at 

all, but were actually beneath the moon’s orbit in the ele- 

mental sphere. And he proves this against Tycho, Kepler, 

and many other astronomical observers, beating them 

with their own weapons; that is, by means of parallaxes. If 

you like, I can produce arguments from both authors, be- 

cause I have attentively read them more than once, and 
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First objec- 
tion from 
the modern 
author of 
the booklet 
of theses, 


A cannon 
ball would 
take more 

than six 
days in 

. falling from 
the moon’s 
orbit to the 
center of 
the earth, 
according 
to the opin- 
ion of this 
modern 
author. 


you can examine their force and say how they look to 
you. | 

SALV. Our main goal being to bring forth and tonsider 
everything that has been adopted for and against the two 
systems, Ptolemaic and Copernican, it would not be good 
to pass by anything written on this subject. 

SiMP. Then I shall begin with the objections contained in 
the booklet of theses and later take up the others. First, the 
author cleverly calculates how many miles per hour a 
point on the earth’s surface travels at the equator, and how 
many at other points, in other latitudes. Not content with 
investigating such movements in hourly times, he finds 
them also in minutes, and still unsatisfied with minutes, he 
pursues them down to a single second. Moreover, he goes 
on to show precisely how many miles would be traveled in 
such a time by a cannon ball placed in the moon’s orbit, as- 
suming this orbit to be as large as figured by Copernicus 
himself, so as to take away every subterfuge from his ad- 
versary. These very ingenious and elegant reckonings 
made, he shows that a heavy body falling from there would 
consume rather more than six days to get to the center of 
the earth, toward which heavy bodies tend naturally. 

. Now if by Divine power, or by means of some angel, a 
very large cannon ball were miraculously transported 
there and placed vertically over us and released, it is in- 
deed a most incredible thing (in his view and mine) that 
during its descent it should keep itself always in our verti- 
cal line, continuing to turn with the earth about its center, 
for so many days, describing at the equator a spiral line in 
the plane of the great circle, and at all other latitudes spi- 
ral lines about cones, and falling at the poles in a simple 
straight line. 

The great improbability of this he then oneal and 
confirms by advancing, through his method of interroga- 
tion, many difficulties which it is impossible for the follow- 
ers of Copernicus to remove; these are, if I remember 
correctly ... 

SALV. Just a moment, please, Simplicio. You do not want 
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to lose me with so many new things at one stretch; I have a 
poor memory, so I have to go step by step. And since I re- 
member having already calculated how long it would take 
such a heavy body falling from the moon’s orbit to arrive at 
the center of the earth, and seem to recall that it would not 
take this long, it would be good for you to explain what 
rule this author employed in his computation. 
SiMP. In order to prove his point a fortiori, he has made 
matters very advantageous for the opposing side by assum- 
ing that the speed of the body falling in a vertical line to 
the center of the earth would equal that of its circular mo- 
tion in the great circle of the moon’s orbit, which would be 
equivalent to going 12,600 German miles per hour—a 
thing which really smacks of the impossible. Still, in order 
to excel in caution and to give every advantage to the other 
side, he supposes this to be true, and he concludes that the 
time of fall in any case would be more than six days. 
SALV. And is that all there is to his method? Does he prove 
in this way that the ume of fall must be more than six days? 
SaAGR. I think he conducted himself too discreetly, since 
having it within his arbitrary power to give any speed he 
wished to such a falling body, and consequently to make it 
get to the earth in six months, or even six years, he con- 
tented himself with six days. But please, Salviati, restore 
my good humor somewhat by telling me in what manner 
your calculation proceeded, since you say you have once 
made it, for I am satisfied that if the question had not re- 
quired some brilliant work you would not have put your 
mind to it. 
SALV. Sagredo, it is not enough for a conclusion to be 
noble and great; the point is in treating it nobly. Who does 
not know that in the dissection of some organ of an ani- 
mal, there may be discovered infinite marvels of provident 
and most wise nature? Yet for every animal that the 
anatomist-cuts up, a thousand are quartered by the butcher. 
Now in trying to satisfy your request, I do not know in 
which of the two costumes I shall make my appearance on 
the stage; yet taking heart from the spectacle put on by this 
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Gross ab- 
surdity in 
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ment based 
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author of Simplicio’s, I shall not hold back from telling 
you—if I can remember it—the method which I used. 
But before setting to work, I cannot help saying that I 
very much doubt whether Simplicio has faithfully related 
the method by which this author of his found that the can- 
non ball would consume more than six days in coming 
from the moon’s orbit clear to the center of the earth. For 
if he assumed that its speed of descent was equal to its 
speed in the orbit, as Simplicio says he assumed, he would 
stand exposed as quite ignorant of even the most elemen- 
tary and simplest knowledge of geometry. It is indeed re- 
markable to me that Simplicio himself, in granting this 
assumption he tells us of, does not see the enormous ab- 
surdity contained in it. 
Simp. It may be that I have erred in relating it, but it is - 
certain that I perceive no fallacy in it. 
SALV. Maybe I did not quite understand what you recited. 
Didn’t you say that this author makes the speed of the ball 
in descent equal to that which it would have going around 
in the moon’s orbit, and that falling with such a velocity it 
would get to the center in six days? 
Simp. I think that that is what he wrote. 
SALV, And you do not see so gross an absurdity? But of 
course you are pretending, for you cannot be ignorant that 
the radius of a circle is less than one-sixth of its circumfer- 
ence, and that consequently the time in which the moving 
body would pass over the radius would be less than one- 
sixth the time in which, moving with the same speed, it 
would travel around the circumference. Therefore the ball, 
descending with the speed with which it moved in the 
curve, would arrive at the center in less than four hours; that - 
is, assuming that in the curve it would complete one revo- 
lution in twenty-four hours, as would have to be supposed 
in order for it to remain always in the same vertical line. 
S1mP. Now I understand the error quite well, but I do not 
wish to attribute it to him undeservedly. It must be that I 
made a mistake in reciting this argument of his, and, in 
order to avoid taking responsibility for the others, I should 
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like to have his book. If there were anyone to go and fetch 
it, [should appreciate it very much. 
SAGR. A servant can be sent in haste, and there need be no ; 
time wasted at all, for meanwhile Salviati will favor us with 
his computation. 
Simp. Let him go, for he will find it open on my desk, to- 
gether with that other one which argues against Coperni- 
cus. 
SAGR. Let us have that brought too, just to make sure. 

And now Salviati will make his calculation; I have dis- 
patched a servant. 
SALV. First of all, it is necessary to reflect that the move- Precise 
ment of descending bodies is not uniform, but that starting ae 
from rest they are continually accelerated. This fact is tine of All 
known and observed by all, except the modern author of the can- 
mentioned, who, saying nothing about acceleration, makes a 
the motion uniform. But this general knowledge is of no moons 
value unless one knows the ratio according to which the orbit to the 
increase in speed takes place, something which has been oe 
unknown to all philosophers down to our time. It was first 
discovered by our friend the Academician, who, in some of 
his yet unpublished writings, shown in confidence to me 
and to some other friends of his, proves the following. Accelera- 

The acceleration of straight motion in heavy bodies to” of nat- 

: me ural motion 

proceeds according to the odd numbers beginning from  6¢ heavy 
one. That is, marking off whatever equal times you wish, ~ bodies is in 
and as many of them, then if the moving body leaving a PrPOr™ 
state of rest shall have passed during the first time such a numbers 
space as, say, an ell, then in the second time it will go three commenc- 
ells; in the third, five; in the fourth, seven, and it will con- i 
tinue thus according to the successive odd numbers. In 
sum, this is the same as to say that the spaces passed over Spaces 
by the body starting from rest have to each other the ratios Oe said 
of the squares of the times in which such spaces were tra- falling 
versed. Or we may say that the spaces passed over are to _ heavy body 
each other as the squares of the times. ane 


SAGR. This is a remarkable thing that I hear you saying. Is _ the times. 
there a mathematical proof of this statement? 
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SALV. Most purely mathematical, and not only of this, but 
of many other beautiful properties belonging to natural 
motions and to projectiles also, all of which have been dis- 
covered and proved by our friend. I have seen and studied 
them all, to my very great delight and amazement, seeing a 
whole new science arise around a subject on which hun- 
dreds of volumes have been written; yet not a single one of 
the infinite admirable conclusions within this science had 
been observed and understood by anyone before our friend. 
SAGR. You are taking away from me my desire to proceed 
with the discussions we have commenced, in order just to 
hear some of the demonstrations you hint of. So tell them 
to me at once, or at least give me your word that you will 
hold a special session with me, Simplicio being present if 
he should wish to learn the-properties and attributes of the 
most basic effect in nature. 

SIMP. Indeed I should; though as to what belongs to phys- 
ical science, I do not believe it necessary to get down to 
minute details. A general knowledge of the definition of 
motion and of the, distinction between natural and con- 
strained motion, uniform and accelerated motion, and the 
like, is sufficient. For if these were not enough, I do not be- 
lieve that Aristotle would have neglected to teach us 
everything that was lacking. 

SALV. That might be. But let us waste no more time on 
this, for I promise to spend half a day on it separately for 
your Satisfaction. Indeed, I now remember having once be- 
fore promised you this same satisfaction. Getting back to 
our calculation, already begun, of the time in which a 
heavy body would fall from the moon’s orbit all the way to 
the center of the earth, and in order not to proceed arbi- 
trarily or at random, but with a rigorous method, let us first | 
seek to make sure by experiments repeated many times 
how much time is taken by a ball of iron, say, to fall to 
earth from a height of one hundred yards. 

SAGR. And taking for this purpose a ball of determinate 
weight, the same as that for which we shall make the com- 
putation of the time of descent from the moon. 
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SALV. That makes no difference at all, for a ball of one, 
ten, a hundred, or a thousand pounds will all cover the 

same hundred yards in the same time. 

Simp. Oh, that I do not believe, nor does Aristotle believe 
it either; for he writes that the speeds of falling heavy bod- 
ies have among themselves the same proportions as their 

weights. 

SALV. Since you want to admit this, Simplicio, you must Aristotle’s 
also believe that a hundred-pound ball and a one-pound a 
ball of the same material being dropped at the same mo- a ie 
ment from a height of one hundred yards, the larger will _ falling bod- 
reach the ground before the smaller has fallen a single i ™ovein 

; : : : proportion 

yard. Now try, if you can, to picture in your mind the large to their 
ball striking the ground while the small one is less than a__ weights. 
yard from the top of the tower. 

SAGR. [have no doubt in the world that this proposition is 

utterly false, but I am not quite convinced that yours is 
completely true; nevertheless I believe it because you af- 

firm it so positively, which I am sure you would not do un- 

less you had definite experiments or rigid proofs. c 

SALV. I have both, and when we deal separately with the 

subject of motion [ shall communicate them to you. 
Meanwhile, in order not to break the thread again, let us 

suppose we want to make the computations for an iron 

ball of one hundred pounds which in repeated experi- 

ments falls from a height of one hundred yards in five sec- 

onds. Since, as I have told you, the distances measured by 

the falling body increase according to the squares of the 
times, and one minute being twelve times five seconds, if 

we multiply 100 yards by the square of 12, which is 144, 

we shall get 14,400 as the number of yards which the same 

moving body will travel in one minute. And following the 

same rule, since an hour is 60 minutes, multiplying 14,400 

(the number of yards passed in one minute) by the square 

of 60, that is, by 3,600, the number of yards passed in one 

hour becomes 51,840,000, which is 17,280 miles. And if 

we wish to know the space covered in four hours, we may 

multiply 17,280 by 16, which is the square of 4, and this 
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becomes 276,480 miles, which is much greater than the 
distance from the lunar orbit to the center of the earth. 
The latter is 196,000 miles, taking the distance of that 
orbit to be 56 times the radius of the earth (as this mod- 
ern author does) and the radius of the earth to be 3,500 
miles of 3,000 yards to the mile, these being our Italian 
miles. 

Therefore, Simplicio, you see that that space from the 
orbit of the moon to the center of the earth, which your 
computer said could not be passed over in six days, would 
be passed in much less than four hours, when the calcula- 
tion is made from experiment and not by rule of thumb. 
Making the computation exactly, it is covered in 3 hours, 
22 minutes, and 4 seconds. 

SAGR. My dear sir, please do not cheat me out of this 
exact calculation, for it must be a very elegant affair. 
SALV. So it is, really. Therefore having, as I said, by care- 
ful experiment observed that such a moving body falling 
from a height of 100 yards covers this in 5 seconds, let 
us say: If 100 yards are passed in 5 seconds, 588,000,000 
(for that is 56 radii of the earth) would be covered in 
how many seconds? The rule for this operation is to mul- 
tiply the third number by the square of the second; this 
comes out to 14,700,000,000, which must be divided by 
the first number, that is by 100, and the square root of the 
quotient—which is 12,124—is the number sought. This 
is 12,124 seconds, which is 3 hours, 22 minutes, and 4 
seconds. 

SAGR. Now I have seen the operations, but I understand 
nothing of the reasons for working thus, nor does this seem 
to be the time to ask about them. 

SALV. Indeed I wish to tell you, even though you do not 
ask, for it is very easy. Let us designate these three num- 
bers by the letters A for the first, B for the second, and C 
for the third; A and C are the numbers for the spaces, and 
B is the number for the time; the fourth number is sought, 
which is also a time. 
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We know that whatever proportion the space A has to 
the space C, the square of the time B must have to the 
square of the time sought. Therefore, by the Rule of 
Three, the number C-is multiplied by the square of the 
number B, this product is divided by the number A, and 
_ the quotient will be the square of the number sought, its 
square root being that same required number. Now you 
see how easy it is to understand. 

SAGR. Soare all truths, once they are discovered; the point 
is in being able to discover them. I am quite convinced, and 
much obliged to you. If any more curiosities remain in this 
matter, I beg you to tell me them. For if I may speak frankly 
I may say, saving Simplicio’s presence, that from your dis- 
cussions I always learn something new and beautiful, 
whereas from those of his philosophers I don’t know that I 
have ever learned anything of importance. 

SALV. Plenty remains to be said about these local motions, 
but according to our agreement we should reserve them 
for a separate session. Right now I shall say something per- 
taining to this author produced by Simplicio, to whom it 
appears that he has given a great advantage to his oppo- 
nents by aciaalinig that this cannon ball, in falling from 
the moon’s orbit, would go with the same speed with which 
it would move around if it remained there and partook of 
the diurnal rotation. Now I tell him that this ball falling 
from the orbit to the center would acquire a degree of . 
speed far more than double that of the diurnal rotation in 
the lunar orbit, and I shall demonstrate this with assump- 
‘tions that are quite correct and not arbitrary. 

You must therefore know that the falling body, ever ac- 
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quiring new speed according to the ratios already men- 
tioned, wherever it may be in the line of its motion it will 
have such a degree of velocity that were it to continue to 
move uniformly with this, then in a second time equal to 
that of its previous descent it would traverse twice the dis- 
tance already passed over. Thus, for example, if this ball in 
falling from the lunar orbit to its center has consumed 3 
hours, 22 minutes, and 4 seconds, J say that at the center it 
will be found to have such a degree of speed that without 
increasing this further it could continue to move uni- 
formly and pass over in another 3 hours, 22 minutes, 4 sec- 


_onds the double of that space, which is as much as the 


entire diameter of the lunar orbit. 

Since from the moon’s orbit to its center is some 
196,000 miles, which the ball covers in 3 hours, 22 minutes, 
4 seconds, then according to what has been said, if the ball 
continued to move with the speed which it has on arriving 
at the center, it would travel in another 3 hours, 22 min- 
utes, 4 seconds a space of twice that, or 392,000 miles. But 
the same ball staying in the moon’s orbit, which is 
1,232,000 miles around, and moving along it in the diurnal 
motion, would make in the same 3 hours, 22 minutes, 4 
seconds 172,880 miles; which is much less than half of 
392,000 miles. So you see that the motion of the orbit is 
not what this modern author says; that is, a velocity impos- 
sible for the falling ball to participate in. 

SAGR. All would be well with this argument, and it would 
satisfy me, if I could be sure of that part about the body 
moving through double the space already fallen, in an- 
other time equal to that of its descent, when it continued 
to move uniformly with the maximum speed acquired in 
descending. This proposition was once before assumed by 
you to be true, but was not proved. 

SALV. This is one of our friend’s proofs, and you will see it 
in good time. Meanwhile I wish to set forth some conjec- 
tures, not to teach you anything new, but to take away from 
you a certain contrary belief and to show you how matters 
may stand. Have you not observed that a ball of lead sus- 
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pended from the ceiling by a long, thin thread, when we 
remove it from the perpendicular and release it, will spon- 
taneously pass beyond the perpendicular almost the same 
amount? 
SAGR. I have indeed observed that, and I have seen (espe- 
cially when the ball is very heavy) that it rises so little less 
than it descends that I have sometimes thought the as- 
_cending arc would be equal to the descending one, and 
wondered whether the oscillations could perpetuate 
themselves. And I believe that they would, if the impedi- 
ment of the air could be removed, which, with its resis- 
tance to being parted, holds back a little and would impede 
the motion of the pendulum. But the hindrance is small in- 
deed, as argued by the large number of vibrations made 
before the moving ball is completely stopped. 
SALV. The motion would not perpetuate itself, Sagredo, 
even if the impediment of the air were completely re- 
moved, for there is another one which is much more re- 
condite. 
SAGR. And what is that? None other occurs to me. 
SALV. It will please you very much to learn of it, but I 
shall tell it to you later; meanwhile, let us continue. I have 
put forth the observation of the pendulum ‘so that you 
would understand that the impetus acquired in the de- 
scending arc, in which the motion is natural, is able by it- 
self to drive the same ball upward by a forced (violento) 
motion through as much space in the ascending arc; by it- 
self, that is, if all external impediments are removed. I be- 
lieve also that you understand without any trouble that 
just as in the descending arc the velocity goes on increas- 
ing to the lowest point of the perpendicular, so in the as- 
cending arc it keeps diminishing all the way to the highest 
point. The latter speed diminishes in the same ratio in 
which the former is augmented, so that the degrees of 
speed at points equally distant from the lowest point are 
equal to each other. From this it seems possible to me (ar- 
guing with a certain latitude) to believe that if the terres- 
trial globe were perforated through the center, a cannon 
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ball descending through the hole would have acquired at 
the center such an impetus from its speed that it would 
pass beyond the center and be driven upward through as 
much space as it had fallen, its velocity beyond the center 
always diminishing with losses equal to the increments ac- 
quired in the descent; and I believe that the time con- 
sumed in this second ascending motion would be equal to 
its time of descent. Now if, in progressively diminishing 
until totally extinguished, the highest speed which the ball 
has at the center conducts it in as much time through as 
much space as it had passed through in acquiring speed— 
from none at all up to the highest degree—it certainly 
seems reasonable that if it were always to move with this 
highest degree of speed, it would pass through both these 
distances in an equal amount of time. For if we mentally 
divide these speeds into increasing and decreasing de- 
grees—as for example in the numbers to the left—so that 
the first increase up to 10, and the rest decrease down to 1; 
and then if the former (of the descending time) and the 
others (of the ascending time) are added together, it is seen 
that they make the same sum as if one of the two parts had 
been made up of the highest degree throughout. There- 
fore all the’space passed through with all the degrees of 
speed, increasing and decreasing (which in this case is the 
entire diameter), must be equal to the space passed in as 
many of the maximum speeds as number one-half the 
total of the increasing and the decreasing ones. I know IJ 
have expressed this obscurely, and only hope that it is un- 
derstood. 

SAGR. I think I understood it well enough; indeed, I can 
show in a few words that I did so. You meant that com- 
mencing from rest and progressively increasing the veloc- 
ity by equal additions, which are those of the successive 
integers beginning with 1, or rather with 0 (which repre- 
sents the state of rest), and arranging these thus and taking 
consecutively as many as you please, so that the minimum 
degree is 0 and the maximum is 5, for example, then all 
these degrees of speed with which the body moves make a 
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sum of 15. And if the body were moved at this maximum 
degree for the same number as there are of these, the total 
of all these speeds would be double the above; that is, 30. 
Hence if the body moved for the same time with a uniform 
speed of this maximum degree of 5, it would have to pass 
through double the space which it passed during the time 
in which it was accelerated and started from the state of 
rest. 
SALV. In accordance with your very swift and subtle com- 
prehension, you have expressed the whole thing much 
more clearly than J did, and you also made me think of 
something else to add. For the increases in the accelerated 
motion being continuous, one cannot divide the ever- 
increasing degrees of speed into any determinate number; 
changing from moment to moment, they are always infi- 
nite. Hence we may better exemplify our 
meaning by imagining a triangle, which 
shall be this one, ABC. Taking in the side 
AC any number of equal parts AD, DE, 
€ EF, and FG, and drawing through the 
f points D, E, F, and G straight lines parallel 
to the base BC, I want you to imagine the 
sections marked along the side AC to be 
Fic. 15 equal times. Then the parallels drawn 
through the points D, E, F, and G are to 
represent the degrees of speed, accelerated and increasing 
equally in equal times. Now A represents the state of rest 
from which the moving body, departing, has acquired in 
the time AD the velocity DH, and in the next period the 
speed will have increased from the degree DH to the de- 
gree EI, and will progressively become greater in the suc- 
ceeding times, according to the growth of the lines FK, 
GL, etc. But since the acceleration is made continuously 
from moment to moment, and not discretely (intercisa- 
mente) from one time to another, and the point A is as- 
sumed as the instant of minimum speed (that is, the state 
of rest and the first instant of the subsequent time AD), it 
is obvious that before the degree of speed DH was ac- 
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quired in the time AD, infinite others of lesser and lesser 
degree have been passed through. These were achieved 
during the infinite instants that there are in the time DA 
corresponding to the infinite points on the line DA. There- 
fore to represent the infinite degrees of speed which come 
before the degree DH, there must be understood to be in- 
finite lines, always shorter and shorter, drawn through the 
infinity of points of the line DA, parallel to DH. This in- 
finity of lines is ultimately represented here by the surface 
of the triangle AHD. Thus we may understand that what- 
ever space is traversed by the moving body with a motion 
which begins from rest and continues uniformly accelerat- 
ing, it has consumed and made use of infinite degrees of 
increasing speed corresponding to the infinite lines which, 
starting from the point A,-are understood as drawn parallel 
to the line HD and to IE, KF, LG, and BC, the motion 
being continued as long as you please. 

Now let us complete the parallelogram AMBC and ex- 
tend to its side BM not only the parallels marked in the tri- 
angle, but the infinity of those which are assumed to be 
produced from all the points on the side AC. And just as 
BC was the maximum of all the infinitude in the triangle, 
representing the highest degree of speed acquired by the 
moving body in its accelerated motion, while the whole 
surface of the triangle was the sum total of all the speeds 
with which such a distance was traversed in the time AC, so 
the parallelogram becomes the total and aggregate of just 
as many degrees of speed but with each one of them equal 
to the maximum BC. This total of speeds is double that of 
the total of the increasing speeds in the triangle, just as the 
parallelogram is double the triangle. And therefore if the 
falling body makes use of the accelerated degrees of speed 
conforming to the triangle ABC and has passed over a cer- 
tain space in a certain time, it is indeed reasonable and 
probable that by making use of the uniform velocities cor- 
responding to the parallelogram it would pass with uni- 
form motion during the same time through double the 
space which it passed with the accelerated motion. 
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SAGR. lam entirely persuaded. But if you call this a prob- 

able argument, what sort of thing would rigorous-proofs 

be? I wish to Heaven that in the whole of ordinary philos- 

ophy there could be found even one proof this conclusive! 

SIMP. In physical science there is no occasion to look for 

mathematical precision of evidence. 

SAGR. Well, isn’t this question of motion a physical one? In natural 

Yet I do not notice that Aristotle proves to me even the Science one 
ae ; need not 

most trivial property of it. But let’s not get farther dfield. seek mathe- 

Salviati, please do not neglect to tell me what you hinted. matical evi- 

to me about that other cause for the pendulum stopping in 4°" 

addition to the resistance of the medium against being 

separated. 

SALV. Tell me: of two pendulums of unequal length, A pendulum 

doesn’t the one which is hanging by the longer cord per- hanging 


fi j illati h wif le froma 
orm its oscillations the more infrequently: ioneeeocd 
SAGR. Yes, if they are swinging an equal distance from the © makes its 
perpendicular. aes 


SALV. Oh, that makes no difference, for the same pendu- quently 
lum makes it oscillations in equal times, whether they are than one 
hort (that is, whether the pendulum i tha shone 
ong or short (that is, whether the pendulum is removed a port cord. 
long way or very little from the perpendicular). Or, if MEY im stions 
are not exactly equal, the differ- of the same 
ence is insensible, as experiment Pendulum 
‘ ; are made 
will show you. But even if they with the 
were quite unequal, that would same fre- 

: quency, 
help rather than hinder my CASC. ether the 
For let us denote the perpendicu- vibrations 
lar AB, and hang from the point A re ad y 
on the cord AC the weight C,and “"*" 
still another, higher up on the 
same, which shall be E. Drawing 
the cord AC aside from the per- 
pendicular and letting it loose, 
the weights C and E will move through the arcs CBD and 
EGE, and the weight E, hanging at the lesser distance and 
also being moved aside less, as you said, would try to go 


back sooner and to make its vibrations more frequently 
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than the weight C. Therefore it would impede the latter 
from going back as far toward the point D as it would do if 
it were free, and, being thus an impediment to it in every 
oscillation, would finally bring it to rest. 

Now this cord, with the middle weight removed, is itself 
a compound of many weighted pendulums; that is, each of 
its parts is just such a pendulum, attached closer and closer 
to the point A, and therefore arranged so as to make its vi- 
brations more and more frequent, and consequently each 
is able to place a continual hindrance on the weight C. An 
indication of this is that as we observe the cord AC, we see 
it stretch not tightly, but in an arc; and if in place of the 
cord we put a chain, we see this effect much more evi- 
dently; most of all when the weight C is quite far from the 
perpendicular AB. For the chain is composed of many 
linked parts, each of which is heavy, and the arcs AEC and 
AFD will be seen to be noticeably curved. Therefore since 
the parts of the chain try to make their vibrations the more 
frequent according to their closeness to the point A, the 
lowest part cannot travel as much as it would naturally. 
And with the continual lessening of the vibrations of the 
weight C, they would finally stop even if the impediment 
of the air were taken away. 
SAGR. Well, here come the books right now. Take them, 
Simplicio, and find the place that was in question. 
Simp. Here it is—where he begins to argue against the 
diurnal motion of the earth, having first refuted its annual 
motion. Motus Terrae annuus asserere Copernicanos cogit con- 
versionem eiusdem quotidianam, alias idem Terrae hemispherium 
continenter ad Solem esset conversum, obumbrato semper averso. 
(“The annual motion of the earth asserted by the Co- 
pernicans compels them to assert its diurnal rotation; 
otherwise the same hemisphere of the earth would be 
continually turned toward the sun, the opposite side being 
always in shade.”) Thus half the earth would never see ~ 
the sun. 
SALV. It seems to me from his very opening that this man 
has no very clear idea of the Copernican position; for if he 
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had noticed that therein the axis of the terrestrial globe is 
made always parallel to itself, he would have said not that 
half the earth would never see the sun, but that the year 
would be one single natural day. That is, in all parts of the 
earth it would be day for six months and night for six 
months, as happens with the inhabitants near the poles. 
But let us excuse him for this and go on with the rest. 
SIMP. He continues: Hanc autem gyrationem Terrae impossi- 
bilem esse, sic demonstramus. (“That such gyration of the earth 
is impossible, we prove thus.”) This next is the explanation 
of the figure which follows, in which we see depicted many 
descending heavy bodies and ascending light ones, and 
birds which are keeping themselves in the air, etc. 

SAGR. Show me, please. My, what pretty pictures; what 
birds, what balls! And what are these other beautiful 
things? 

Simp. Those are balls which are coming from the moon’s 
orbit. 

SAGR. And what is this, here? 

Simp. It is a snail which they call dvovolt here in Venice; it 
also is coming from the moon. 

SAGR. Oh, indeed. So that is why the moon has such a 
great influence over these shellfish, which we call armored 
fish. 

Stmp. Next comes that calculation which I told you about, 
of the travel in one natural day, one hour, one minute, and 
one second, which would be made by a point on the earth 
placed at the equator, as well as at a latitude of 48 degrees. 
And then follows this, of which I was wondering whether I 
had erred in the recital, so let us read it: His positis, mecesse 
est, Terra circulariter mota, omnia ex aére eidem etc. Quod st hasce 
pilas aequales ponemus pondere, magnitudine, gravitate, et in con- 
cavo spherae lunaris positas libero descensut permittamus, st 
_motum deorsum aequemus celeritate motui circum (quod tamen 
secus est, cum pila A etc.), elabentur minimum (ut multum cedamus 
adversariis) dies sex: quo tempore sextes circa Terram, ete. 
(“These things being supposed, it is necessary if the earth 
moves circularly, that all things from the air do the same, 
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etc. So that if we suppose these balls to be equal in size and 
weight and placed in the hollow of the moon’s orbit and 
permit them a free descent, and if we make the motion 
downward equal to the motion around [which however is 
otherwise, since the ball A, etc.] they will fall at least [that 
we may grant a good deal to our adversaries] six days, in 
which time they will be turned about the earth six times, 
eter . 
SALV. You have recited this fellow’s objection only too 
faithfully. From which you may see, Simplicio, how care- 
fully those should tread who wish to make others believe 
‘things which perhaps they themselves do not credit. For it 
seems impossible to me that this author did not perceive 
that he was imagining a circle whose diameter, which 
among mathematicians fs less than one-third of the cir- 
cumference, was more than 12 times as great as that; an 
error which puts as more than 36 that which is less than 
one. 
SAGR. Maybe these mathematical ratios which are true in 
the abstract do not exactly correspond when applied in the 
concrete to physical and elemental circles. Though it does 
seem to me that a cooper, in determining the radius of the 
bottom to be made for a barrel, makes use of the abstract 
rules of the mathematicians despite such bottoms being 
very material and concrete things. But let Simplicio make 
this author’s excuses for him, and tell us whether he thinks 
that physics differs as much from mathematics as all that. 
Simp. This refuge appears insufficient to me because the 
variation is too great; in this case I can only say guandoque 
bonus etc. But supposing Salviati’s calculation to be more 
correct, and that the time of the ball’s descent is no more 
than three hours, it seems to me a remarkable thing in any 
case that in coming from the moon’s orbit, distant by such 
a huge interval, the ball should have a natural tendency to. 
keep itself always over the same point of the earth which it 
stood over at its departure, rather than to fall behind in 
such a very long way. 
SALV. The effect might be remarkable or it might be not at 
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all remarkable, but natural and ordinary, depending upon 
what had gone on before. If, in agreement with the suppo- 
sition made by the author, the ball had possessed the 
twenty-four-hour circular motion while it remained in the 
moon’s orbit, together with the earth and everything else 
contained within that orbit, then that same force which 
made it go around before it descended would continue to 
make it do so during its descent too. And far from failing to 
follow the motion of the earth and necessarily falling be- 
hind, it would even go ahead of it, seeing that in its ap- 
proach toward the earth the rotational motion would have 
to be made in ever smaller circles, so that if the same speed 
"were conserved in it which it had within the orbit, it ought 
to run ahead of the whirling of the earth, as I said. 

But if the ball had no rotation in the orbit, it would not 
in descending be obliged to remain perpendicularly over 
- that point of the earth which was beneath it when the de- 
scent began. Nor does Copernicus or any of his adherents 
say it would. 

Simp. But the author will object, as you see, asking upon 
what principle this circular motion of heavy and light bod- 
ies depends—whether a an internal or an external 
principle. 

SALV. Keeping to the problem in hand, J say that the prin- 
ciple which would make the ball revolve while in the lunar 
orbit is the same one which would maintain this revolving 
also during the descent. I shall leave it to the author to 
~ make this be internal or external, at his pleasure. 

SIMP. The author will prove that it cannot be either inter- 
nal or external. 
SALY. And I shall reply that the ball was not moving in the 
orbit, and thus be freed from any responsibility of explain- 
ing why, in descending, it remains vertically over the same 
point, since it will not remain so. 

Simp. Very well, but as heavy and light bodies can have 
neither an internal nor an external principle of moving 
circularly, then neither does the earth move circularly. 
And thus we have his meaning. 
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SALV. I did not say that the earth has neither an external 
nor an internal principle of moving circularly; I say that I 


_do not know which of the two it has. My not knowing this 


does not have the power to remove it. 

But if this author knows by which principle other world 
bodies are moved in rotation, as they certainly are moved, 
then I say that that which makes the earth move is a thing 
similar to whatever moves Mars and Jupiter, and which he 
believes also moves the stellar sphere. If he will advise me 
as to the motive power of one of these movable bodies, I 
promise I shall be able to tell him what makes the earth 
move. Moreover, I shall do the same if he can teach me 
what it is that moves earthly things downward. 

SiMP. The cause of this effect is well known; everybody is 
aware that it is gravity. » 

SALV. You are wrong, Simplicio; what you ought to say is 
that everyone knows that it is called “gravity.” What I am 
asking you for is not the name of the thing, but its essence, 
of which essence you know not a bit more than you know 
about the essence of whatever moves the stars around. | 
except the name which has been attached to it and which 
has been made a familiar household word by the continual 
experience that we have of it daily. But we do not really 
understand what principle or what force it is that moves 
stones downward, any more than we understand what 
moves them upward after they leave the thrower’s hand, or 
what moves the moon around. We have merely, as I said, 
assigned to the first the more specific and definite name 
“gravity,” whereas to the second we assign the more gen- 
eral term “impressed force” (virta impressa), and to the last- 
named we give “spirits” (intelligenza), either “assisting” 
(assistente) or “abiding” (informante); and as the cause of in- 
finite other motions we give “Nature.” 

SIMP. It appears to me that this author is asking much less 
than what you are refusing to answer. He does not ask you 
in name and in detail for the principle which moves light 
and heavy bodies around; letting that be what it may, he 
asks only whether you consider it to be intrinsic or extrin- 
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sic. Thus, for example, although I do not know what entity 

gravity is, by which earth descends, I do know that it is an 

internal principle, since earth, if unimpeded, moves spon- 

taneously. And on the contrary I know that the principle 

which moves it upward is external, though I do not know 

what that force is which is impressed upon it by the 

thrower. 

SALV. How many questions we should have to be diverted 

into, if we wished to settle all the difficulties that are 

linked together, one in consequence of another! You call 

that principle external, preternatural, and constrained 

which moves heavy projectiles upward, but perhaps itis no The force 

less internal and natural than that which moves them Which con- 
ducts heavy 

downward. It may perhaps be called external and con-  jodies 

strained while the movable body is joined to its mover; but thrown up- 

once separated, what external thing remains as the mover eis 

of an arrow or a ball? It must be admitted that the force than the 

which takes this on high is no less internal than that which _ heaviness 

moves it down. Thus-I consider the upward motion of ene ae 

heavy bodies due to received impetus to be just as natural downward. 

as their downward motion dependent upon gravity. 

SIMP. This I shall never admit, because the latter has a 

natural and perpetual internal principle while the former 

has a finite and constrained external one. 

SALV. If you flinch from conceding to me that the princi- 

ples of motion of heavy bodies downward and upward are 

equally internal and natural, what would you do if I were 

to tell you that they may also be one and the same (mede- 

‘smo in numero)? 

SIMP. I leave it to you to judge. 

SALV. Rather, I want you to be the judge. Tell me, do you Contrary 


believe that contradictory internal principles can reside in ae 
cannot re- 
the same natural body? A 
Simp. Absolutely not. rally in the 
SALV. What would you consider to be the natural intrinsic a ue 


tendencies of earth, lead, and gold, and in brief of all very 
heavy materials? That is, toward what motion do you be- 
lieve that their internal principle draws them? 
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motion con- 
verts itself 
into motion 
that is 
called 
preternat- 
ural and 
forcible. 


Simp. Motion toward the center of heavy things; that is, to 
the center of the universe and of the earth, whither they 
would be conducted if not impeded. 

SALV. So that if the terrestrial globe were pierced by a 
hole which passed through its center, a cannon ball 
dropped through this and moved by its natural and intrin- 
sic principle would be taken to the center, and all this mo- 
tion would be spontaneously made and by an intrinsic 
principle. Is that right? 

Simp. I take that to be certain. 

SALV. But having arrived at the center is it your belief that 
it would pass on beyond, or that it would immediately stop 
its motion there? 

Simp. I think it would keep on going a long way. 

SALV. Now wouldn’t this motion beyond the center be up- 
ward, and according to what you have said preternatural 
and constrained? But upon what other principle will you 
make it depend, other than the very one which has brought 
the ball to the center and which you have already called 
intrinsic and natural? Let me see you find an external 
thrower who shall overtake it once more to throw it up- 
ward. 

And what is said thus about motion through the center 
is also to be seen up here by us. For the internal impetus of 
a heavy body falling along an inclined plane which is bent 
at the bottom and deflected upward will carry the body 
upward also, without interrupting its motion at all. A ball 
of lead hanging from a thread and moved from the per- 
pendicular descends spontaneously, drawn by its internal 
tendency; without pausing to rest it goes past the lowest 
point and without any supervening mover it moves up- 
ward. I know you will not deny that the principle which 
moves heavy bodies downward is as natural and internal to 
these as the principle which moves light ones upward is to 
those. Hence I ask you to consider a ball of wood which, 
descending through the air from a great height and there- 
fore moved by a natural principle, meets with deep water 
and continues its descent; without any other external 
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mover it submerges for a long stretch, and yet the down- 
ward motion through water is preternatural to it. Still, it 
depends upon a principle which is internal and not exter- 
nal to the ball. Thus you see how a movable body may be 
moved with contrary motions by the same internal princi- 
ple. 

SiMP. I believe there are answers for all these objections, 
though for the moment J do not remember them. However 
that may be, the author goes on to ask upon what principle 
this circular motion of heavy and light bodies may de- 
pend; that is, whether upon an internal or an external prin- 
ciple; and following this, he proves that it can be neither 
the one nor the other, saying: Si ab externo, Deusne illum ex- 
cltat per continuum miraculum? an vero angelus? an aér? Et hunc 
quidem mult assignant. Sed contra... . (“If upon an external 
principle, is it God who excites them, in a continual mira- 
cle? Or rather an angel? Or the air? And indeed many thus 
assign the cause. But against this. . . .”) 

SALV. Do not bother to read the objection, for J am not 
one of those who assign such a principle to the surround- 
ing air. As to the miracle or the angel, I rather lean that 
way, because whatever begins with a Divine miracle or an 
angelic operation, such as the transportation of a cannon 
ball to the moon’s orbit, is not unlikely to do everything 
else by means of the same principle. But so far as the air is 
concerned, it suffices for me that this shall not impede the 
circular motion of bodies which are supposed to move 
through it. And for this it is enough (and more is not to be 
looked for) that the air be moved with the same motion, 
and its revolutions proceed with the same pm as the 
terrestrial globe. 

Simp. And he rebels likewise against this, asking what 
takes the air around; nature, or constraint? He then refutes 
nature as a cause, by saying that this is contrary to truth, 
experience, and Copernicus himself. 

SALV. It certainly is not contrary to Copernicus, who 
wrote no such thing, and this author attributes it to him 
only out of an excess of courtesy. Rather what Copernicus 
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said (and it seems to me he did well to say it) was that the 
part of the air close to the earth, absorbing terrestrial va- 
pors more readily, might have the same nature as the earth 
and follow its motion naturally. Or, being contiguous to the 
earth, the air might follow it in the way in which the Peri- 
patetics say that the upper parts of the element of fire fol- 
low the motion of the moon’s orbit. So it is up to them to 
explain whether such a motion would be natural or con- 
strained. 

Simp. The author would reply that if Copernicus makes 
only the lower part of the air move, the upper part lacking 
this motion, then there can be no reason for quiet air being 
able to take heavy bodies along with it and make them fol- 
low the earth’s motion. : 

SALV. Copernicus will say.that this natural tendency of 
elemental bodies to follow the terrestrial motion has a lim- 
ited sphere, outside of which such a natural tendency 
ceases. Besides, as I have said, it is not the air that carries 
along with it those moving things which follow the earth’s 
motion when separated from it. So all the objections which 
this author adduces to prove that the air cannot be the 
cause of such effects are worthless. 

SMP. Then if this alternative cannot be the case, one will 
have to admit that such effects depend upon an internal 
principle, against which position oboriuntur difficillimae, 
immo inextricabiles, quaestiones secundae (“there arise most 
difficult, even insoluble secondary questions”), which are 
the following: Principium illud internum vel est accidens, vel 
substantia. Si primum, qualenam illud? nam qualitas loco motiva 
circum hactenus null videtur esse agnita. (“This internal prin- 
ciple is either an accidental property or a substance. If the 
former, what can it be? Up to the present, no quality of 
changing place about a center has been acknowledged to 
be seen by anyone.”) 

SALV. What does he mean, not noticed by anyone; not by 
us? All these elemental materials which move around to- 
gether with the earth? Look at the way this author assumes 
as true that which is in question! 
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Simp. He says this is not seen, and it seems to me he is 
right about that. 

SALV. Not seen by us, because we are going around to- 
gether with them. 

Simp. Listen to this other objection: Quae etiam si esset, quo- 
modo tamen inveniretur in rebus tam contrariis? in igne ut in 
aqua? in aéve ut in terra? in viventibus ut in anima carentibus? 
(“Which even if it were, how could it be found in such con- 
trary things? In fire as in water? In the air as in the earth? In 
living creatures as in nonliving?”) 
SALV. Assuming for the moment that water and fire are 
contraries, as well as air and earth (yet much could be said 
on this subject), the most that might follow from this would 
be that they could not have motions in common which are 
contrary to one another. Thus for example the motion up- 
ward, which belongs naturally to fire, could not belong to 
water, and just as water is by nature contrary to fire, that 
motion is proper to it which is naturally contrary to the mo- 
tion of fire; this will be motion deorsum. But circular motion 
is contrary neither to motion sursum nor to that deorsum; in- 
deed, it may mix with either, as Aristotle himself affirms. So 
why may it not belong equally to heavy and to light bodies? 

Next, the most that cannot be common to the living and 
the nonliving are those things which depend upon the soul. 
Must not bodily things, so far as they are elemental and 
consequently share in the elemental qualities, be common 
to the corpse and the living body? And therefore if circu- 
lar motion belongs to the elements, it must be common to 
their compounds also. 

SAGR. This author must believe that if a dead cat falls out 
of a window, a live one cannot possibly fall too, since it is 
not a proper thing for a corpse to share in qualities that are 
suitable for the living. 

SALV. Thus this author's argument is not conclusive 
against those who say that some internal event is the prin- 
ciple of the circular motion of heavy and light bodies. 

I do not know to what extent he has proved that this 
cannot be a substance. 
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SIMP. This he combats with many arguments, of which 
the first is this one: Si secundum (nempe st dicas tale princtpium 
esse substantiam), illud est aut materia, aut forma, aut compositum; 
sed repugnant iterum tot diversae rerum naturae, quales sunt aves, 
limaces, saxa, sagittae, nives, fumt, grandines, pisces, etc; quae 
tamen omnia, specie et genere differentia, moverentur a natura sua 
circulariter, ipsa naturis diversissima, etc. (“If the latter [that is, 
should you say that this principle is a substance], it is ei- 
_ ther matter, form, or a compound of both. But such diverse 
natures of things are again repugnant; such are birds, 
snails, stones, arrows, snows, smokes, hails, fishes, etc.; all of 
which, notwithstanding differences in species and kind, 
are moved of their own nature circularly, their natures 
being most diverse, etc.”) 
SALV. If these things named are naturally diverse, and 
things naturally diverse cannot have a common motion, 
then in order to accommodate all of them it will be neces- 
sary to think of more motions than just the two, upward 
and downward. And if one motion must be found for ar- 
rows, one for snails, another for rocks, and still another for 
fish, then you will also have to consider worms, topazes, 
and mushrooms, which are no less different in their na- 
tures than hail and snow. 
StmP. You seem to take this argument as a joke. 
SALYV. Not at all, Simplicio; but it has already been an- 
swered before. That is, if a motion either up or down can 
suit the things named, then so can a circular motion suit 
them. Being of the Peripatetic persuasion, do you not pose 
a greater difference between an elemental comet and a 
heavenly star than between a fish and a bird? Yet both the 
former move circularly. 
Now go on with the second argument. 
SIMP. Si Terra staret per voluntatem Det, rotarenturne caetera 
annoné St hoc, falsum est a natura gyrari; si tllud, redeunt priores 
quaestiones. Et sane mirum esset, quod gavia pisciculo, alauda 
nidulo suo, et corvus limaci petraeque etiam volens imminere non 
posset. (“If the earth should stop by the will of God, would 
the rest of these things rotate or not? If not, then it is false 
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that they rotate naturally. If so, then the earlier questions 
arise once more; and it would be truly remarkable if the 
seagull could not hover over the small fish, the skylark over 
her nest, and the crow over the snail and the rock, though 
wishing to do so.”) 

SALV. For my part I should give a general answer: That if 
by God’s will the earth should stop its diurnal whirling, the 
birds would do whatever that same will of God desired. 
But if this author should wish a more detailed answer, then 
I should say that all these things would do the opposite 
from what would be done if, when they were keeping 
themselves in the air separated from the earth, the terres- 
trial globe were set unexpectedly in very precipitous mo- 
tion by God’s will. Now it is up to this author to advise you 
what would happen in that case. 

SAGR. Salviati, please concede to this author at my re- 
quest that if the earth were stopped by God’s will, these 
other things separated from it would go right on around in 
their natural movement, and let us hear what impossibili- 
ties or inconveniences would follow from that. For I cannot 
see myself any greater disorders than these which the au- 
thor himself produces; namely, that skylarks, though wish- 
ing to, would be unable to stay over their nests, nor crows 
over snails or rocks, so that then crows would have to con- 
tain their appetite for snails and the young of skylarks 
would perish of hunger and cold, their mothers being no 
longer able to feed them or to brood them. This is all the 
ruination that I can deduce would happen according to 
this author’s statement. Look and see whether any greater 
troubles would have to follow, Simplicio. 

S1MpP. I cannot discover any greater ones, but it may be as- 
sumed that the author found other disorders in Nature 
which perhaps he did not wish to adduce on account of his 
deep respect for her. 

I shall continue with the third objection: Insuper qui fit, ut 
istae res tam variae tantum moveantur ab occasu in ortum paral-. 
lelae ad aequatorem? ut semper moveantur, numquam quiescant? 
(“Besides, how is it that these things, so diverse, are moved 
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only from west to east, parallel to the equator? And that 
they are always moving and never still?”) 

SALV. They are moved from west to east, parallel to the 
equator, without stopping, in just the same way in which 
you believe the fixed stars are moved from east to west, 
parallel to the equator, without stopping. | 

SIMP. Quare quo sunt altiores celerius, quo humiliores tardius? 
(“Why are the higher the swifter, and the lower the 
slower?”) 

SALV. Because in a sphere or circle which turns about its 
center, the more distant parts describe larger circles and 
the nearer describe smaller ones, in the same time. 

SIMP. Quare quae aequinoctialt propriores in matort, quae remo- 
tiores in minori, circulo feruntur? (“Why are those near the 
equinoctial plane carried about in larger circles and those 
more remote in smaller ones?”) 

SALV. In order to imitate the stellar sphere, in which those 
things closest to the equinoctial plane move in larger cir- 
cles than those more distant from it. 

SIMP. Quare pila eadem sub aequinoctiali tota circa centrum 
Terrae, ambitu maximo, celeritate incredibili; sub polo vero, circa 
centrum proprium gyro nullo, tarditate suprema volvetur? (“Why 
does the same ball circulate clear around the earth’s center 
in the great circle with incredible speed at the equinoctial 
plane, but at the pole turn around its own center without 
any circulation and slow to the last degree?”) 

SALV. By copying the stars of the firmament, which sia 
do the same if the diurnal motion were theirs. i 

SIMP. Quare eadem res, pila, verbi caussa, plumbea, si semel Ter- 
ram circutvit descripto circulo maximo, eandem ubique non cir- 
cummigret secundum circulum maximum, sed translata extra 
aequinoctialem in circulis minoribus agetur? (“Why does not the 
same thing, for example a lead ball, go around everywhere 
in the same great circle, if once describing the great circle 
it has encompassed the earth, but moves instead in lesser 
_circles when removed from the equinoctial plane?”) 

SALV. Because thus would do—or indeed have done, in 
Ptolemy’s doctrine—some fixed stars which were once 
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very close to the equinoctial plane and described very 

large circles, while now that they are farther from it, they 

describe smaller ones. 

SAGR. Oh, if only I could keep all these beautiful things in 

my mind, I should consider that I had made a great 
achievement! Simplicio, you must lend me this little book, 

for within it there must be an ocean of rare and exquisite 

things. 

Simp. I shall make you a present of it. 

SAGR. Oh, no; not that; I would never deprive you of it. 

But are the interrogations finished yet? 

SIMP. No, indeed. Listen to this one: Si /atio circularis grav- 

ibus et levibus est naturalis, qualis est ea quae fit secundum lineam 

rectam: Nam st naturalis, quomodo et 1s motus qui circum est, nat- 

uralis est, cum specie differat a recto? Si violentus, qui fit ut missile 

ignitum sursum evolans, scintillosum caput sursum a Terra, non 

autem circum, volvat, etc? (“If a circular bearing is natural to 

heavy and light bodies, what about that which is made 

along a straight line? For if natural, how then is motion 

about the center natural, seeing it differs in kind from 

straight motion? If constrained, how is it that a fiery arrow 

flying upward, sparkling over our heads at a distance from 

the earth, does not turn about, etc.?”) 

SALV. It has been said already many times that circular 

motion is natural for the whole and for the parts when they 

are in the optimum arrangement; straight motion is to re- 

store disorderly parts to order. Though it would be better 

to say that they never move in a straight motion, whether 

ordered or disordered, but in a mixed motion, which might 

even be a plain circle. But only a part of this mixed motion Of mixed 
is visible and observable to us, which is the straight part, pa 
the circular remainder stays imperceptible because We the circular 
also.share in it. This applies to rockets, which do move up. part be- 
and around, but we cannot distinguish the circular motion ee. 
because we also are moving with it. But I do not believe’ pation in it. 
that this author understood this compounding, for you see 

how positively he says that rockets go straight up and do 


not revolve at all. 
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SIMP. Quare centrum sphaerae delapsae sub aequatore, spiram 
describit in eius plano, sub alits parallelis spiram describit in cono? 
sub polo descendit in axe, lineam gyralem decurrens in superficie 
cylindrica consignatam? (“Why does the center of a falling 
sphere describe a spiral over the equator in the plane of 
the latter, and in other latitudes a conical spiral? Why does 
it descend along the axis at the poles, running a gyrating 
line about a cylindrical surface?”) 
SALV. Because among the lines along which heavy bodies 
descend, drawn from the center to the circumference of 
the sphere, the one which passes through the equator 
describes a circle, and those which pass through other 
parallels describe conical surfaces, and the axis describes 
nothing else, but remains itself. And if I must tell you 
what I really think, I shall‘ say that I cannot put any con- 
struction upon all these interrogations which would take 
away the motion of the earth. For if I should ask this au- 
thor (granting him that the earth does not move) what 
would happen in all these instances if it did move as 
Copernicus would have it, then I am quite sure that he 
\ would say that all these effects would go right on which he 
is busy raising as obstacles to counter its mobility. Hence 
necessary consequences are accounted absurdities in this 
fellow’s mind. 
But please, if there is anything more, let us hurry on 
through this tedious stuff. 
S1MpP. This which comes next opposes Copernicus and his 
followers for holding that the motion of the parts when 
separated from their whole serves merely to reunite them 
with their whole, whereas circular movement is absolutely 
natural to their diurnal whirling. Against this he urges that 
in the opinion of such men, Si tota Terra, una cum aqua, in 
nihilum redigeretur, nulla grando aut pluvia e nube decideret, sed 
naturaliter tantum circumferretur; neque ignis ullus aut igneum 
ascenderet, cum in illorum non improbabili sententia, ignis nullus 
sit supra. (“If the whole earth, together with the water, were 
reduced to nothing, no hail or rain would fall from the 
clouds, but would only be carried naturally around; nor 
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would any fire or flaming thing ascend, since in their not 
improbable view there is no fire above.”) 

SALV. The providence of this philosopher is admirable 
and worthy of great praise, he not contenting himself with 
thinking of things that might happen in the course of na- 
ture, but trying to provide himself against occasions on 
which things happened which are absolutely known never 
to happen. Well, in order to hear a few fine subtleties, I 
wish to concede to him that if the earth and the water were 
annihilated, no hails or rains would fall any more, nor 
would flaming matter go up, but would just keep on going 
around. Now, what of it? What does the philosopher say in 
reply to me? 

SIMP. The objection is in the words which immediately 
follow. Here they are: Quibus tamen experientia et ratio adver- 
satur. (“Which, however, experience and reason refute.”) 
SALV. Now I ought to give up, since he has such a big ad- 
vantage over me; namely, experience which I lack. For as 
yet I have never happened to see the terrestrial globe and 
all the element of water annihilated, so as to have been 
able to see what the hail and water did in this little cata- 
clysm. But at least he tells us, for our information, what 
they did do? 

S1MP. He does not say another word about it. 

SALV. I should gladly pay to have a chat with this fellow, . 
in order to ask him whether when this globe vanished it 
took away also the common center of gravity, as I suppose 
it would. In that case, I think that the hail and water would 
remain senseless-and stupid among the clouds, not know- 
ing what to do with themselves. Or it might be that, at- 
tracted by such a large empty space left by the departure of 
the terrestrial globe, all the surrounding things would be 
rarefied—especially the air, which is extremely dis- 
tractable—and would rush with great speed to refill it. 
And perhaps the more solid and material bodies, such as 
birds (for it is reasonable that many of these would be in 
the air), would draw back more toward the center of this 
huge empty space, as it seems likely that the more confined 
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spaces would be assigned to substances which contained 
much material in less bulk; and that there, dead.at last from 
hunger and reduced to earth, they would form a new little 
globe, with such little water as’ was in the clouds at that 
time. 

Or it might be that the same materials, being insensitive 
to light, would not discover the earth’s departure, and 
would blindly descend as usual, expecting to encounter it; 
and that one step at a time they would betake themselves 
to the center, whither they would go at present if the globe 
itself did not hinder them. 

And finally, to give this philosopher a less indefinite 
reply, I say to him that I know just as much about what 
would happen after the earth was annihilated as he would 
have known about what was going to take place on it and 
around it before it was created. Since I am sure that he 
would say that he would not even have been able to imag- 
ine anything of what was to follow, since only experience 
has given him knowledge of this, he should not refuse to 
pardon me, but should forgive me for not knowing as much 
as he does about the things which would happen after the 
annihilation of this globe, seeing that I lack this experience 
which he possesses. 

Now tell me whether there is anything else. 

SimP. There is this figure, which represents the terrestrial 
globe with a huge cavity in its center, full of air. And. to 
show that heavy bodies do not move downward in order to 
unite with the terrestrial globe, as Copernicus says, he puts 
this stone here in the center, and asks what it would do if 
released. And he places another here on the concave sur- 
face of this great cavern, and makes the same interroga- 
tion, saying as to the first: Lapis in centro constitutus aut 
ascendet ad Terram in punctum aliquod, aut non. Si secundum, 
falsum est partes ob solam seiunctionem a toto ad illud moveri. Si 
primum, omnis ratio et expertentia renttitur; neque gravia in suae 
gravitatis centro conqutescent. Item, si suspensus lapis liberatus 
decidat in centrum, separabit se a toto, contra Copernicum; si pen- 
deat, refragatur omnis experientia, cum videamus integros fornices 
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corruere. (“The stone placed in the center either ascends to 
the earth at some point, or not. If not, it is false that the 
parts separated from the whole move toward that. If the 
former, it contradicts all reason and experience, nor does 
the heavy body rest at its center of gravity. And if the 
hanging stone is set free and descends to the center, it will 
separate from its whole, contrary to Copernicus; if it goes 
on hanging, this contradicts all experience, since we see 
entire arches collapse.”) 

SALV. I shall reply, although I am at a great disadvantage, 
being in the hands of someone who has learned from ex- 
perience what these stones in this huge cavern would do; a 
thing which I have never seen. And I shall say that I believe 
that heavy things exist prior to the common center of 
gravity; hence it is not a center (which is nothing but an in- 
divisible point and therefore incapable of acting) that at- 
tracts heavy materials to itself, but simply that these 
materials, cooperating naturally toward a juncture, would 
give rise to a common center, this being that around which 
parts of equal moments are arranged. From this I suppose 
that the large aggregation of heavy bodies being trans- 
ferred to any place, the particles which were separated 
from the whole would follow; and if not impeded, they 
would penetrate wherever they might find parts less heavy 
than themselves. But upon arriving where they met with 
heavier material, they would descend no farther. There- 
fore I think that in this cavern full of air, the entire vault 
would press inward, and would sustain itself upon that air 
by force (violentemente) only when the hardness of this vault 
could not be overcome and broken under its weight. But I 
believe that detached stones would get down to the center 
and would not float above upon the air. Nor may it be said 
from this that they do not move toward their whole, all the 
parts being moved toward the place where the whole 
would go if it were not hindered. 

Simp. What now remains is a certain mistake which he has 
noticed in one of the followers of Copernicus who, mak- 
ing the earth move with the annual and diurnal motions in 
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the same way in which a cartwheel moves upon the circle 
of the earth and about itself, would be making the ter- 
restrial globe too large or the orbit too small, since 365 
revolutions of the equator are much less than the circum- 
ference of the earth’s orbit. 

S ALV. Pay attention lest you equivocate, and say the oppo- 
site of what must be written in the booklet. It must say that 
this author was making the terrestrial globe too small or 
the orbit too great; not the terrestrial globe too large and 
the annual orbit too small. 

SiMP. There is no mistake on my part; look here at the 
words in the book: Non videt quod vel circulum annuum aequo 
minorem, vel orbem terreum iusto multo fabricet maiorem. (“He 
does not see that either he is making the annual circle less 
than is proper, or the earth’s globe much larger than is suit- 
able.”) 

SALV. I have no way of knowing whether the original au- 
thor erred, since the author of this booklet does not iden- 
tify him; but the error of the booklet is indeed obvious and 
inexcusable, whether or not the original follower of 
Copernicus made a mistake; for the author of the booklet 
passes by so material an error without noticing it or 
amending it.* But let him be pardoned this:as an error of 
inadvertence rather than anything else. Besides, if I were 
not already sick and tired of occupying myself with all 
these petty quibbles and spending time on them to so little 
purpose, I could show that it is not impossible for a circle 
no bigger even than a cartwheel, making not 365 but less 
than 20 revolutions, to describe or measure not merely the 
circumference of the earth’s orbit, but one a thousand 
times as large. I say this in order to show that there is no. 
lack of subtleties which are much greater than this one, 
with which this author notes the error of Copernicus. But 
I beg of you, let us pause for breath a moment, and then go 
on to the other philosophical opponent of this same 
Copernicus. 


“(Here the error is attributed to the author of the booklet, but really the error is not his. ] 


e 


The Second Day - 287 


SAGR. Really, I need breath too, though as for me it is only 
my ears that have been wearied. If I thought I were going 
to hear nothing cleverer from that other author, I don’t 
know but what I should decide to go and take the air in a 
gondola. 

SIMP. I believe you are about to hear stronger arguments, 
for this author is a consummate scientist and also a great 
mathematician. He has refuted Tycho in the matters of 
comets and novas. 

SALV. Is he perhaps that same author of the Anti- Tycho? 
Simp. The very same. But the refutation concerning the 
new stars is not in the Amti-Tycho, in which he merely 
demonstrated that they were not prejudicial to the inalter- 
ability and ingenerability of the heavens, as I told you be- 
fore. Then after the Anti-Tycho, having by means of 
parallaxes found a way of proving the new stars also to be 
elemental things and contained within the moon’s orbit, he 
wrote another book, De tribus novis stellis, etc, and in this he 
inserted the arguments against Copernicus as well. J previ- 
ously gave you what he wrote about the new stars in the 
Anti- Tycho, where he did not deny that they were in the 
heavens, but he demonstrated that their production did 
not affect the inalterability of the heavens. This he did by 
means of a purely philosophical argument in the manner | 
described to you; it did not occur to me to tell you how af- 
terward he found a method of removing them from the 
heavens. Since he proceeded in this refutation by means of 
* calculations and parallaxes, subjects of which I understand 
but little or nothing, I had not read them, and had studied 
only these objections to the earth’s motion, which are 
purely physical. 

SALV. I understand quite well; it will be proper, after we 
have heard his opposition to Copernicus, that we judge, or 
at least see, the manner in which these new stars are 
proved by means of parallaxes to have been elemental. So 
many astronomers of such great reputation all place them 
among the highest stars of the firmament that if this au- 
thor puts a stop to that scheme by dragging the new stars 
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down from the heavens all the way to the elemental 
sphere, he will indeed be worthy of great exaltation him- 
self, even of being transported to the stars, or at least of 
having his name perpetuated among them by fame. 

But let us proceed with this first part, where he opposes 

the Copernican opinion; begin by setting forth his objec- 
tions. 
Simp. We need not read them word for word, as they are 
very prolix. In reading them attentively many times I have, 
as you see, indicated in the margin the words which con- 
tain the meat of his arguments, and it will be sufficient to 
read these. . 

The first argument begins here: Et primo, si opinio Coper- 

nici rectpiatur, criterium naturalis philosophiae, ni prorsus tol- 
latur, vehementer saltem labefactari videtur. (“And first, if 
Copernicus’s opinion is embraced, the criterion of science 
itself will be badly shaken if not completely overturned.”) 
By which criterion he means, in agreement with philoso- 
phers of every school, that the senses and experience 
should be our guide in philosophizing. But in the Coperni- 
can position, the senses much deceive us when they visu- 
ally show us, at close range and in a perfectly clear 
medium, the straight perpendicular descent of very heavy 
bodies. Despite all, according to Copernicus, vision de- 
ceives us in even so plain a matter and the motion is not 
straight at all, but mixed straight-and-circular. 
SALV. This is the first argument adduced by Aristotle and 
Ptolemy and all their followers, which has been suffi- - 
ciently replied to and shown to be a paralogism. It has been 
very clearly explained that such motion as is common to 
us and to the moving bodies is as if it did not exist. But 
since true conclusions meet with support from many 
things, I wish to add a few for the benefit of this philoso- 
pher. You, Simplicio, shall take his side, and answer my 
questions for him. 

First tell me what effect that stone has upon you when 
it falls from the summit of the tower, and what is the cause 
of your perceiving its motion? Because if nothing new or 
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different acted upon you in its fall than in its rest upon the 
top of the tower, then you surely would not perceive its 
descent or distinguish its moving from its standing still. 
SIMP. I am aware of its descent in relation to the tower be- 
cause now I see it beside one mark on the tower, now at a 
lower one, and so on successively until I discover it united 
with the earth. 

SALV. Then if the stone were dropped from the claws of a 
flying eagle and fell through mere invisible air, and you 
had no other visible and stable object to compare it with, 
you would not be aware of its motion? 

Simp. Even then this would be perceived by me; I should 
have to raise my head to see it when it was on high, and 
then as it fell I should have to lower it, and in a word to. 
move it continually (or my eyes) to follow its motion. 
SALV. Now that is the correct answer. You know that the 
stone is at rest, then, when without moving your eyes a bit 
you can see it always right before you. And you know that 
it is moving when, in order not to lose it from sight, you 
must move your organs of vision—that is, your eyes. So 
whenever, without moving your eyes at all, you can see an 
object continually in the same aspect, you would always 
judge it to be motionless. 

SIMP. I believe that would necessarily be so. 

SALV. Now imagine yourself in a boat with your eyes 
fixed on a point of the sail yard. Do you think that because 
the boat is moving along briskly, you will have to move 
your eyes in order to keep your vision always on that point 
of the sail yard and to follow its motion? 

SIMP. I am sure that I should not need to make any change 
at all; not just as to my vision, but if I had aimed a musket 
I should never have to move it a hairsbreadth to keep it 
aimed, no matter how the boat moved. 

SALV. And this comes about because the motion which the 
ship confers upon the sail yard, it confers also upon you 
and upon your eyes, so that you need not move them a bit 
in order to gaze at the top of the sail yard, which conse- 
quently appears motionless to you. [And the rays of vision 
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go from the eye to the sail yard just as if a cord were tied’ 
between the two ends of the boat. Now a hundred cords 
are tied at different fixed points, each of which keeps its 
place whether the ship moves or remains still. ] 

Now transfer this argument to the whirling of the earth 
and to the rock placed on top of the tower, whose motion 
you cannot discern because in common with the rock you 
possess from the earth that motion which is required for 
following the tower; you do not need to move your eyes. 
Next, if you add to the rock a downward motion which is 
peculiar to it and not shared by you, and which is mixed 
with this circular motion, the circular portion of the mo- 
tion which is common to the stone and the eye continues 
to be imperceptible. The straight motion alone is sensible, 
for to follow that you must move your eyes downward. 

I wish I could tell this philosopher, in order to remove 
him from error, to take with him a very deep vase filled 
with water some time when he goes sailing, having pre- 
pared in advance a ball of wax or some other material 
which would descend very slowly to the bottom—so that 
in a minute it would scarcely sink a yard. Then, making the 
boat go as fast as he could, so that it might travel more than 
a hundred yards in a minute, he should gently immerse 


. this ball in the water and let it descend freely, carefully ob- 


serving its motion. And from the first, he would see it going 
straight toward that point on the bottom of the vase to 


. which it would tend if the boat were standing still. To his 


eye and in relation to the vase its motion would appear 
perfectly straight and perpendicular, and yet no one could 
deny that it was a compound of straight (down) and circu- 
lar (around the watery element). 

Now these things take place in motion which is not nat- 
ural, and in materials with which we can experiment also 
in a state of rest or moving in the opposite direction, yet 
we can discover no difference in the appearances, and it 
seems that our senses are deceived. Then what can we be 
expected to detect as to the earth, which, whether it is in 
motion or at rest, has always been in the same state? And 
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when is it that we are supposed to test by experiment 

whether there is any difference to be discovered among 

these events of local motion in their different states of mo- 

tion and of rest, if the earth remains forever in one or the 

other of these two states? 

SAGR. These arguments have somewhat quieted my 

stomach, which was a bit upset by those fishes and snails. 

The first has called to my mind the correction of an error 

which had such an appearance of truth that I think not one 

person in a thousand would have questioned it. When sail- 

ing to Syria, and having quite a good telescope which had 

been given me by our mutual friend, who had devised it 

not many days before, I proposed to the sailors that it 

would be of great benefit to navigation to make use of it in 

the foretop of the ship to spy out distant ships and identify — subtle in- 
them. The suggestion was approved, but it was argued that ity into 
it would be difficult to use on account of the continual ~~ 
pitching of the ship, and especially at the top of the mast, _ telescope 
where the agitation is so much greater; that it would be oe 
better to use it at the foot of the mast, where the movement the top of a 
is less than in any other place on the ship. I concurred in ship’s mast 
this view (for I do not wish to conceal my own mistake), . 
and for a time I did not reply, nor do I know how to tell you 

just what it was that made me meditate further on the mat- 

ter. Finally I recognized my foolishness (which may there- 

fore be pardoned) in admitting what was false to have been 

true. It was false, J mean, that the great agitation of the 

foretop in comparison with that at the foot of the mast 

would necessarily make it harder to use the telescope for 

finding the object. 

SALV. I should have taken sides with the sailors and with 

your first impression. 

SMP. J should have done so, too, and still would; nor do I 

believe that I would understand differently if I were to 

think about it for a century. 

SAGR. Then, for once, I may be able to instruct both of 

you. And since proceeding by interrogations seems to me 

to shed much light upon things, in addition to the pleasure 
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one may get out of pumping one’s companion and making 
things drop from his lips which he never knew that he 
knew, I shall make use of that artifice. And first I assume 
that the ships, galleys, or other vessels which one seeks to 
discover and recognize are very distant, say 4, 6, 10, or 20 
miles. For no glass is needed to recognize nearby ones, 
while the telescope can easily reveal the whole of a vessel 
at such a distance as 4 or 6 miles, and even much larger 
bulks. Now I ask how many and what kind of movements 
are made by the foretop as a result of the pitching of the 
ship? 

SALV. I am picturing to myself a ship sailing eastward. 
First, in a tranquil sea, there would be no motion except 
this progress. Adding the agitation of the waves, there 
would be a motion which; alternately raising and lowering 
the stern and the prow, would make the foretop tilt forward 
and back. Other waves, tipping the ship to one side, would 
tilt the mast from right to left. Others might sometimes 
turn the ship and make it deflect its boom, let us say from 
directly east now to northeast and again to southeast. Still 
others, lifting the keel from below, might make the ship 
rise and fall without deflecting it. To sum up, it appears to 
me that there would be two kinds of movements: one kind 
which alters the angle of the telescope, and one which 


changes its alignment, so to speak, without changing its 


angle—that is, keeps the barrel of the instrument always 
parallel to itself. 

SAGR. Next tell me this. Having first directed the tele- 
scope there toward that tower at Burano, about six miles 
away, if we should then move it through an angle to 
the right or left, or up or down by the breadth of a fin- 
gernail, what effect would this have upon its view of the 
tower? 

SALV. It would make the tower disappear immediately 
from view; for such a tilting, small though it is, can mean a 
great many yards there. 

SAGR. But if, without changing the angle (keeping the 
barrel always parallel to itself), we moved it 10 or 12 yards 
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away to the left or right, or up or down, what effect would 
this have so far as the tower is concerned? 

SALV. It would be absolutely imperceptible, because the 
space here and the space there are contained between par- 
allel rays, and the changes made here and there must be 
equal; and since the space there revealed by the telescope 
could hold many such towers, this one would not be lost 
from view at all. | 
SAGR. Now going back to the ship, we may unquestion- 
ably affirm that a movement of the telescope to the right or 
left, or up or down, and forward or back even 20 or 25 
yards, while keeping the telescope always parallel to itself, 
could not divert the visual ray from the observed point of 
the object any more than this same 25 yards. And since in a 
distance of 8 or 10 miles the scope of the instrument em- 
braces a much larger space than the galley or other vessel 
seen, such a small change will not lose it to view. Thus the 
obstacle and the cause of losing the object can come only 
from a change made in the angle; for the deflection of the 
telescope due to the pitching of the ship up or down, or to 
right or left, cannot amount to very many yards. 

Now suppose that you have two telescopes, one at- 
tached to the lower part of the ship’s mast, and another not 
just to the roundtop, but to the maintop or even the main 
topgallant where the pennant is hung, and that both are 
pointed at a vessel ten miles away. Tell me whether you 
believe that a greater change is made in the angle of the 
higher tube than in that of the lower, let the agitation of 
the ship be what it may. When a wave raises the prow, it 
may well make the highest point go back 30 or 40 yards 
more than the foot of the mast, and the tube of the upper 
telescope will be seen to be withdrawn by that amount 
while the lower one goes only a foot, but the angle changes 
just as much in the latter instrument as in the former. Like- 
wise, a wave which comes from the side will move the 
higher tube to the right or left a hundred times as much as 
the lower one, but their angles either do not change or they 
change equally. Now changes to the right or left, forward 
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or back, and up or down produce no noticeable obstacle in 
the sighting of distant objects, though an alteration of 
angle brings about a large one. It must therefore be admit- 
ted that the use of the telescope at the top of the mast is no 
more difficult than at the foot, for the changes of angle are 
the same in both places. 

SALV. How carefully we must proceed before affirming or 
denying a statement! I say again that anyone will be per- 
suaded, upon hearing someone resolutely declare it, that 
because of the greater movement made at the top of the 
mast than at the foot, the use of the telescope should be far 
more difficult aloft than below. Accordingly I wish to par- 
don those philosophers who throw up their hands or fly 
into a rage at people who do not wish to admit that a can- 
non ball which is plainly,seen to go perpendicularly down 
along a straight line must absolutely be moving in that way, 
but who want to have its motion be along an arc, ever more 
slanted and diagonal. 

Well, let us leave them in their distress and listen to the 
other objections this present author makes against Coper- 
nicus. 

Simp. The author goes on to show that in the Coperni- 
can doctrine the senses must be denied; even the grossest 
sensations. This would be the case if we, who feel the 
blowing of a slight breeze, were then not made to feel the 
impetus of a perpetual gale that drives with a velocity of 
more than 2,529 miles an hour. For such is the distance 
which the center of the earth travels in an hour in its an- 
nual motion along the circumference of the orbis magnus, 
as he carefully calculates; and because, as he says, it nev- 
ertheless appears to Copernicus, Cum Terra movetur cir- 
cumpositus aér; motus tamen eius, velocior licet ac rapidior 
celerrimo quocumque vento, a nobis non sentiretur, sed summa 
tum tranquillitas reputaretur, nisi alius motus accederet. Quid est 
vero decipt sensum, nist haec esset deceptio? (“The surrounding 
air is moved with the earth; yet its motion, though swifter 
than the most rapid wind, would not be perceived by us, 
but would be considered quite tranquil unless some other 
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motion occurred. If this is not deception of the senses, 

then what is?”) 

SALV. This philosopher must believe that the earth which 

Copernicus makes go around the circumference of its 

orbit together with its circumambient air is not this one 

which we inhabit, but some other separate one; for this one 

of ours takes us along too, with its own velocity and that of 

its surrounding air. What beating could we feel when flee- 

ing with equal speed over the course pursued by him who The air, 

would whip us? This gentleman has forgotten that we also, touching us 
3 . 3 always with 

and not just the earth and the air, are carried around; and the came 

that consequently we are always touched by the same part _ part, does. 

of the air, which cannot strike upon us. ond 

SIMP. Not at all; look at the, words which follow immedi- 

ately: Praeterea nos quoque rotamur ex circumductione Terrae, 

etc. (“Besides, we too would therefore be turned about as a 

result of the earth’s revolution, etc.”) 

SALV. Now I can neither help him nor excuse him. You 

must pardon him for this, Simplicio, and help him out of it. 

Simp. Offhand, no satisfactory defense occurs to me at the 

moment. 

SALV. Well, think it over tonight and come to his defense 

on this point tomorrow. Meanwhile let us hear his other 

objections. 

SIMP. The same objection is continued, it being shown In Coperni- 

that in Copernicus’s view one must deny one’s own senses. ‘Y's 

: Se : : . method one 

For this principle by which we go around with the earth is must deny 

either intrinsic to us, or it is external to us, as a snatching © one’s sensa- 

along by the earth. If it is the latter, then since we do not “°"* 

feel any such snatching along, it must be said that the sense 

of touch does not feel its own related object nor the im- 

pression of that upon our consciousness. But if the princi- 

ple is intrinsic, then we shall not be feeling a local motion 

deriving from our very selves, and we shall never perceive 

a tendency perpetually attached to us. 

SALV., So that this philosopher’s objection emphasizes that 

the principle by which we move along with the earth, 

whether this is external or internal, ought to be felt by us in 
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either case; and since we do not feel it, it is neither the one 
nor the other. Therefore we do not move, and neither does 
the earth. And I say that it could be either one without our 
feeling it. As to the possibility of its being external, the ex- 
periment aboard ship more than removes every difficulty. 
For we are able at will to make the ship move, and also to 
make it stand still, and'go about observing with great accu- 
racy whether or not we could detect whether it moves, by 
means of any difference which might be apprehended by 
the sense of touch. And seeing that as yet no such thing has 
been learned, how can it be any wonder if the same condi- 
tion with regard to the earth remains unknown? The earth 
may have been carrying us forever without our ever having 
been able to devise any experiment with it at rest. 

I know that you, Simplicio, have gone from Padua by 
boat many times, and, if you will admit the truth of the 
matter, you have never felt within yourself your participa- 
tion in that motion except when the boat has been stopped 
by running aground or by striking some obstacle, when 
you and the other passengers, taken by surprise, have 
stumbled perilously. The terrestrial globe would have only 
to encounter some obstacle which would arrest it, and I as- 
sure you that you would become aware of the impetus 
which resides in you when you were thrown by it toward 
the stars. 

It is true that you can perceive the motion of the boat 
by means of the other senses, accompanied by reasoning, 
as by vision when you are watching poles and buildings sit- 
uated in the fields, which, being separated from the boat, 
appear to move in the opposite direction. If you want to be 
convinced of the terrestrial motion by such an experience, 
T may tell you to look at the stars, which for the same rea- 
son appear to you to move in the opposite direction. 

Next, any surprise at not feeling this principle if it is in- 
ternal is still less reasonable; if we do not feel a similar mo- 
tion coming from the outside and frequently. absent, why 
should we feel one when it immutably resides continually 
within us? 
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Now, has he anything further as to this first argument? 
SIMP. There is this little complaint: Ex hac itaque opinione 
necesse est diffidere nostris sensibus, ut penitus fallacibus vel stu- 
pidis in sensibilibus, etiam coniunctissimis, diiudicandis; quam 
ergo veritatem sperare possumus, a facultate adeo fallaci ortum tra- 
hentem? (“And from this opinion we must necessarily sus- 
pect our own senses as wholly fallible or stupid in judging 
sensible things which are very close at hand. Then what 
truth can we hope for, deriving its origin from so deceptive 
a faculty>”) 

SALV. Oh, I wish to derive still more useful and more cer- 
tain precepts from it, learning to be more circumspect and 
less confident about that which the senses represent to us 
at a first impression, for they may easily deceive us. And I 
wish that this author would not put himself to such trou- 
ble trying to have us understand from our senses that this 
motion of falling bodies is simple straight motion and no 
other kind, nor get angry and complain because such a 
clear, obvious, and manifest thing should be called into 
question. For in this way he hints at believing that to those 
who say such motion is not straight at all, but rather circu- 
lar, it seems they see the stone move visibly in an arc, since 
he calls upon their senses rather than their reason to clar- 
ify the effect. This is not the case, Simplicio; for just as I 
(who am impartial between these two opinions, and mas- 
querade as Copernicus only as an actor in these plays of 
ours) have never seen nor ever expect to see the rock fall 
any way but perpendicularly, just so do I believe that it ap- 
pears to the eyes of everyone else. It is therefore better to 
put aside the appearance, on which we all agree, and to use 
the power of reason either to confirm its reality or to re- 
veal its fallacy. 

SAGR. If I ever had a chance to meet this philosopher, 
who seems to me a cut above most of the followers of these 
doctrines, I should as a token of my esteem acquaint him 
with an event which he has surely seen many times, from 
which (in complete agreement with what we are saying) 
one may learn how easily anyone may be deceived by sim- 
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ple appearances, or let us say by the impressions of one’s 
senses. This event is the appearance to those who travel 
along a street by night of being followed by the moon, with 
steps equal to theirs, when they see it go gliding along the 
eaves of the roofs. There it looks to them just as would a 
cat really running along the tiles and putting them behind 
it; an appearance which, if reason did not intervene, would 
only too obviously deceive the senses. 

Simp. To be sure, there are plenty of experiences which 
make evident the fallacies of the simple senses. Therefore 
postponing such sensations for the present, let us listen to 
the ensuing arguments which are taken ex rerum natura, so 
to speak. 

The first is that the earth cannot move by its own nature 
in three widely differing movements without actually con- 
tradicting many manifest axioms. The first of these is that 
every effect depends upon some cause; the second, that 
nothing is self-created; from these it follows that the thing 
causing motion (movente) and the thing moved cannot be 
one and the same. This holds not only for things which are 
moved by an extrinsic and obvious mover, but the above 
principles imply also that the same holds for natural mo- 
tion depending upon an intrinsic principle. Otherwise, 
since the moving thing (movente), as such, is a cause, and 
the thing moved, as such, is an effect, then the cause and 
the effect would be identical in all respects. Therefore a 
body does not move entirely of itself so that the whole is 
mover as well as moved, but there is required in the thing 
moved some way of distinguishing the efficient principle 
of motion from that which is moved with such motion. 

The third axiom is that in things subject to sensation, 
one thing, in so far as it is one, produces but one effect. In 
an animal, to be sure, the soul (amima) does produce vari- 
ous operations, such as sight, hearing, smell, generation, 
etc., but it does so by means of different instruments; in a 
word, it may be seen that different actions in sensible ob- 
jects derive from differences which exist in the causes. 

Now if these axioms are combined, it will be quite evi- 
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dent that a simple body, such as the earth, will by its nature b 

be unable to move with three widely differing motions at A simple 

the same time. For by the assumptions made, the whole ody such 
; pee as the earth, 

cannot move all by itself. Hence three principles must be gannot 

distinguished for three motions in it, otherwise the same move with 

principle would be producing more than one motion. But oi oe 

if a body contained within itself three principles of nat- tions. 

ural motion, besides the part moved, it would not be a sim- 

ple body, but one composed of three moving principles 

plus the part moved. Therefore if the earth is a simple 

body, it does not move with three motions. 

Furthermore it will not move with any of the motions The earth 
which Copernicus attributes to it, being obliged to move eee 
with only one motion; for it is obvious (for reasons given Re. ofthe 
by Aristotle) that the earth does move toward its center— ° motions at- 
as shown by particles of earth, which descend to the spher- coi ig 

ical surface of the earth at right angles. Copernicus, 
-SALV. There is much that might be said and considered 

with regard to the weaving of this argument. But since we 

can resolve it in a few words, I do not wish at the moment Reply to the 

to enlarge upon it unnecessarily; the more so as the answer eat 
is put in my possession by the author himself when he says _ earth’s mo- 
that various operations can be produced in an animal from _ tion taken 
a single principle. Therefore I answer him for the present 7?" 
that diverse movements in the earth are derived from a sin- 
gle principle in a similar way. 
Simp. This answer will not at all satisfy the author of the 
objection; in fact, it is completely overthrown by what he 
adds next in further substantiation of his attack, as you shall 
hear. He corroborates the argument, J mean, by one more __ fourth 
axiom, which is this: Nature is neither deficient nor exces-  4xiom 

so eoeee ss : against the 
sive in that which is necessary. This is obvious to observers osrth’s mo- 
of natural things, especially of animals, in which, since they _ tion. 
must make many movements, nature has made their many © Joints in an- 
joints and has knitted their parts suitably for motion—as at ae 
the knees and hips, so that animals may travel or lie down at the variety 
their pleasure. Besides, in man, nature has made many of their 


joints and tendons at the elbow and at the hand, so that ™°vem®n 
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these may perform many motions. It is from these things 
that the argument against the threefold motion of the earth 
is drawn. Either a body which is one and continuous with- 
out being tied or jointed at all can perform different move- 
ments, or it cannot do so without having joints. If it can do 
so without, then it is in vain that nature has made joints in 
animals, which is against the axiom. But if it cannot, then 
the earth (being a body which is one and continuous and 
without joints and tendons) by its nature cannot move with 
more than one motion. Now you see how ingeniously he 
controverts your reply, almost as if he had foreseen it. 
SALV. Are you serious, or are you speaking ironically? 
Simp. I am giving you the very best that is in me. 

SALV. Then you must think you have a good enough case 
to be able to defend this philosopher against additional 
counterattacks than those which he has made up. So be 
kind enough to answer me on his behalf, since we cannot 
have him present. 

In the first place you admit it as true that nature has 
made joints, tendons, and muscles in animals in order that 
they may move in many. different manners. I deny this 
statement, and I tell you that the joints are made so that the 
animal can move one or more of its parts, keeping the rest 
stationary, and that as to kinds and differences of the 
movements, they are of one kind only—the circular. That 
is why you see the ends of all moving bones to be convex 
or concave, and some of these spherical; namely, those 
which have to move in every direction, as must the arm in 
the shoulder knot of an ensign when he is displaying the 
colors, or that of the falconer when bringing the hawk to 
his lure. And such is the elbow joint, upon which the hand 
turns round when boring with an auger. Others are circu- 
lar in one direction only, and almost cylindrical, being 
used by a member which bends in only one way; such are 
the parts of the fingers, one above another, etc. But without 
more detailed counterinstances, the truth may be made 
known by means of a single general reason. This is that if 
a solid body moves while one of its extremities remains 
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still without changing place, the motion cannot be any- 
thing but circular. And since, in animal motion, no mem- 
ber parts company with any other which is coterminous 
with it, such motion is necessarily circular. 
Simp. That is not the way I see it, for I observe animals 
moving in a hundred noncircular motions, all very differ- 
ent from each other; running and jumping, climbing up 
and down, swimming, and many other things. 
SALV. Quite so; but these are secondary motions, depen- 
dent upon the primary motions of joints and flexures. As a 
consequence of bending the leg at the knee and the thigh 
at the hip, which are circular motions of the parts, comes 
the jumping or running, which are movements of the 
whole body and may be noncircular. Now since the terres- 
trial globe need not move one of its parts upon another 
stationary one, but any of its movements must belong to 
the whole body, there is no need of joints. 
SiMe. It will be said on the other side that this might be 
the case if there were a question of but one motion; but, 
there being three quite different from one another, it is im- 
possible for them to be accommodated in an unarticulated 
body. 
SALV. I really think that that would be the answer of this 
philosopher. I now attack it from another side, and ask you 
whether you suppose that by means of joints and flexures 
the earth might be adapted to participation in three differ- 
ent circular motions? 
_ What, no answer? Since you remain silent, I shall reply 
for your philosopher. He would certainly say yes, because 
otherwise it would have been superfluous and irrelevant to 
bring into consideration the fact that nature makes flexures 
in order that movable bodies may have a variety of mo- 
tions, and therefore that the earth, having no flexures, may 
not have three motions attributed to it. For if he had be- 
lieved that even flexures would not render it fit for such 
movement, he would have said without qualification that 
the globe could not have three motions. 

Now this being the case, I wish to ask you (and if it were 
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possible I should ask the philosopher and author of this ar- 
gument through you) to be so kind as to show me how 
these joints would have to be arranged so that all three 
motions could be conveniently performed; and for your 
answer I shall allow you four months—no, six. In the 
meantime it seems to me that a single principle can cause 
more than one motion of the earth in exactly the same way 
in which I have just told you that a single principle, by 
means of various instruments, produces many and diverse 
motions in animals. As to joints, there is no need for them, 
the required movements being of the whole and not of 
some parts only. And since they must be circular, the sim- 
ple spherical shape is the most beautiful joint one could 
ask for. 

SiMP. The most that orie must allow you would be that a 
single movement might take place. But three different 
ones cannot be possible in my view, or in this author's, as 
he goes on to support his objection by writing: “Let us 
imagine with Copernicus that the earth moves by a prop- 
erty of its own and from an intrinsic principle from west to 
east in the plane of the ecliptic, and moreover that it re- 
volves also by an intrinsic principle about its own center 
from east to west; and for a third motion that it tilts by a 
tendency of its own from north to south and vice versa.” In 
a continuous body, not put together with joints and sec- 
tions, can our feelings and judgment ever understand how 
one vague natural principle—one single propensity— 
might break down into different and almost contradictory 
motions? I do not believe that anyone exists who would say 
such a thing unless he had resolved to defend this position 
through thick and thin. 

SALV. Wait a moment. Find me this place in the book, and 
show it to me. 

- Fingamus modo cum Copernico, Terram aliqua sua vi et ab in- 
dito principio impelli ab occasu ad ortum in eclipticae plano, tum 
rursus revolvi ab indito etiam principio circa suimet centrum ab 
ortu in occasum, tertio deflecti rursus suopte nutu a septentrione in 
austrum et vicissim. 
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I was questioning, Simplicio, whether you had not made 
a mistake in quoting the author’s words; but I see that he 
himself is in error, and very seriously. I am grieved to learn 
that he set himself up to dispute a position which he did 
not even understand, for these are not the movements 
which Copernicus attributes to the earth. Where did he get 
_ the idea that Copernicus made the earth’s annual motion 
to be along the ecliptic opposite to its motion around its 
own center? He must never have read Copernicus’s book, 
which says in a hundred places—even in the opening 
chapters—that both these movements are in the same di- 
rection; that is, from west to east. But without hearing this 
from anyone else, couldn’t he see for himself that the mo- 
tions which are attributed to the earth, one taken from the 
sun and the other from the primum mobile, must necessarily 
be in the same direction? 
Simp. Take care that you do not fall into error yourself, 
and Copernicus along with you. Is not the daily motion of 
the primum mobile from east to west? And on the other hand, 
isn’t the sun’s motion along the ecliptic just the opposite, 
from west to east? So how do you make contraries become 
agreements when transferred to the earth? 
SAGR. Surely Simplicio has revealed the origin of the 
error of this philosopher, who doubtless would have made 
this same argument. | 
SALV. Then if it can be done, let us at least remove Sim- 
plicio from error. Seeing the stars climb above the eastern 
horizon upon rising, he will have no trouble understanding 
that if this motion did not belong to the stars, the horizon 
would necessarily have to be considered as going down in 
the opposite direction, and in consequence that the earth 
would revolve upon itself opposite to the apparent motion 
of the stars; that is, from west to east in the order of the 
signs of the zodiac. Next, as to the other motion, the sun 
being fixed in the center of the zodiac and the earth mov- 
ing around its circumference: In order to make the sun ap- 
pear to move through the zodiac in the order of its signs, 
the earth would have to travel in that same order; for the 
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sun always appears to occupy in the zodiac that sign oppo- 
site to the one in which the earth is found. Thus, the earth 
running through Aries, the sun will appear to be running 
through Libra; the earth passing through Taurus, the sun 
will appear in Scorpio; the earth at Gemini, the sun is at 
Sagittarius. This amounts to both of them moving in the 
same direction; that is, following the order of the signs, as 
the revolution of the earth about its own center was also 
made. 
S1MpP. I quite understand, and I do not know what to say in 
excuse for such an error. 
SALV. Go easy, Simplicio, for there is another, still worse 
than this; it is his making the earth move diurnally around 
its own center from east to west. He does not understand 
that in that case the movement of the universe during 
twenty-four hours would appear to be made from west to 
east, just the opposite of what we see. 
Stmp. Why, I am sure that I myself, who have scarcely 
learned the elements of spherical astronomy, would not 
have made so grave an error. 
SALV. Judge, then, how much study this opponent may be 
supposed to have spent on the books of Copernicus, when 
he gets this basic and principal hypothesis backwards, 
upon which are founded all the dissents of Copernicus 
from the doctrine of Aristotle and Ptolemy. 

Now as to the third motion which this author assigns - 
to the terrestrial globe as being Copernicus’s idea, I do 


‘ not know what he means by it. It is certainly not the one 


which Copernicus attributes to the earth along with the 
other two (annual and diurnal), for that has nothing to do 
with\any tilting toward the south and north, but merely 
serves to keep the axis of the earth’s diurnal revolution 
contintially parallel to itself. So one must say that either 
the adversary has not understood this, or that he has 
pretendeid not to. Although this grave deficiency is 
enough tc) relieve us of any further obligation to occupy 
ourselves 'with the consideration of his objections, yet I 
should likes to consider them anyway, as they are truly 
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much worthier of evaluation than those of many other 
foolish opponents. 
Getting back to the objection, then, I say that the two 
movements, annual and diurnal, are not contrary move- 
ments at all. Rather, they are in the same direction and may 
therefore depend upon the same principle. The third move- 
ment follows as a consequence of the annual motion sponta- 
neously and by itself, in such a way that you need not appeal 
to any internal or external principle for the cause from 
which (as I shall prove in due course) it comes into being. 
SAGR. With common sense as a guide, I should also like to 
say something to this opponent. He wants to condemn 
Copernicus if I cannot resolve on the spot all doubts, and 
reply to all the objections that he makes—as if from my ig- 
norance it necessarily followed that the doctrine were 
false. But if this means of condemning a writer appears ju- 
dicious to him, then he should not think it unreasonable 
for me not to endorse Aristotle and Ptolemy, when this is 
the best he can do to resolve for me the same difficulties 
which I point out to him in their doctrines. 
He asks me what the principles are by which the terres- 
trial globe makes its annual motion through the zodiac, 
and its diurnal motion around the equator upon itself. I say The same 
to him that they are similar to those by which Saturn altieg ones 
moves through the zodiac in thirty years, and about its own Pie ie 
center in the equinoctial plane in a much shorter time, as._ the similar 
the disclosure and hiding of its collateral globes shows us, POVUNO™ 
This is similar to something which he concedes without lestial bod- 
question; that the sun runs through the ecliptic in one year, is. 
and revolves parallel to the equator in less than one month, 
as its spots visibly show us. It is also similar to the principle 
by which the satellites of Jupiter traverse the zodiac in 
twelve years, and among themselves revolve around 
Jupiter in very small circles and very short times. é 
Simp. This author would deny all these things as visual 
deceptions due to the lenses of the telescope. __ 
SALV. Oh, that is asking too much for himself, when he 
will have it that the unaided eye cannot be deceived in 
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judging the straight motion of falling heavy bodies, but 
that it is deluded in understanding these other movements 
when its power is perfected and increased thirty times. Let 
us tell him, then, that the earth participates in its plurality 
of motions in a similar way, perhaps the same way, as that 
in which a compass needle has one motion downward as a 
heavy object, and two circular motions—a horizontal one, 
and a vertical one along the meridian. 

Now what else? Tell me, Simplicio, between which do 
you believe that this author would pose the greater dispar- 
ity: between straight and circular motion, or between mo- 
tion and rest? 

StmP. Undoubtedly between motion and rest. This is ob- 
vious, for circular motion is not contrary to straight mo- 
tion for Aristotle; he even concedes that they may mix, 
which motion and rest cannot do. 

SAGR. Then it is a less improbable proposition to put in 
one natural body two internal principles, one for straight 
motion and the other for circular, than two others, one for 
motion and the other for rest. Now both positions are in 
agreement as to the natural inclination which resides in 
the earth’s parts to return to their whole when separated 
from it by force. They differ only as to the operation of the 
earth’s whole; the former would have this remain motion- 
less from an internal principle, and the latter would at- 
tribute circular motion to it. But by your concession and 
according to this philosopher, two principles, one for mo- 
tion and the other for rest, are incompatible, just as the ef- 
fects are incompatible; whereas this does not happen for 
the two movements, straight and circular, which have no 
repugnance for each other. 

SALV. Add furthermore that very probably alte motion 
made by a separated part of the earth while it is getting 
back to its whole is also circular, as has been explained 
already. Hence in every respect, so far as the present 
objection is concerned, movability appears to be more 
acceptable than rest. 

Now, Simplicio, proceed with whatever remains. 
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SIMP. The author strengthens the objection by pointing 
out another absurdity, which is that the same motions 
would thus be adapted to things of very different nature, 
whereas observation teaches us that the actions and mo- 
tions of things of diverse natures are diverse. And reason 
confirms this, for otherwise we should have no way of 
comprehending and distinguishing their natures, if they 
did not have their special motions and actions which reveal 
their substances to our understanding. 

SAGR. Two or three times in’this author’s arguments I 
have noticed that in order to prove that matters stand in 
such-and-such a way, he makes use of the remark that in 
just this way do they accommodate themselves to our 
comprehension, and that otherwise we should have no 
knowledge of this or that detail; or that the criterion of 
philosophizing would be ruined; as if nature had first 
made the brain of man, and then arranged everything to 
conform to the capacity of his intellect. But I should think 
rather that nature first made things in her own way, and 
then made human reason skillful enough to be able to un- 
derstand, but only by hard work, some part of her secrets. 
SALV. I, too, am of this opinion. But tell me, Simplicio, 
what are these diverse natures to which, against observa- 
tion and reason, Copernicus assigned the same motions 
and actions? 

S1MP. They are these: water and air (which are yet differ- 
ent in nature from earth), and all the things which are 
found in those elements, each of which has to have these 
three movements which Copernicus gives to the terrestrial 
globe. He goes on to prove geometrically how it is true that 
in Copernicus’s view a cloud which is suspended in the air 
and hovers for a long time over our heads without chang- 
ing place must necessarily have all three movements which 
the terrestrial globe has. Here is the proof, which you may 
read for yourself, for I cannot recite it from memory. 
SALV. I am not in any hurry to read it; I even think it su- 
perfluous to have put it there, since I am sure that none of 
the adherents of the earth’s motion would deny it to him. 
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So granting him his proof, let us speak of the objection. 
This seems to me to have no conclusive force against the 
Copernican position, since nothing is detracted from those 
motions and actions by which we come into cognition of 
essences, etc. Please tell me, Simplicio, can those proper- 
ties in which certain things agree exactly serve to make 
known to us the diverse natures of such things? - 

Simp. No indeed; rather the opposite, for an identity of 
actions and properties can argue nothing but an identity of 


natures. 


SALV. So that the diverse natures of water, earth, air, and 
other things that exist in those elements are not inferred by 
you from those actions in which all these elements and the 


things connected with them agree, but from other actions. 


Is that right? 
Simp. That is so. 
SALV. Then whatever would leave to the elements all 
those motions, actions, and other properties by which their 
natures are distinguished would not take away our power 
to gain a knowledge of these, even though it removed 
those actions in which they unite in agreement and which 
are therefore of no use in distinguishing their natures. 
Simp. I think this reasoning is quite correct. 
SALV. But is it not your opinion, and that of the author 
and of Aristotle and Ptolemy and all their followers, that 
earth, water, and air are equally of such a nature as to be 
constituted immovable about the center? 
Simp. That is taken as an irrefutable truth. 
SALV. Then the argument for the different natures of 
these elements and elemental things is not taken from this 
common natural condition of rest with respect to the cen- 
ter, but must be learned by taking notice of other qualities 
which they do not have in common. Therefore whoever 
should take from the elements only this common state of 
rest, and leave them all their other actions, would not in 
the least obstruct the road which leads us to an awareness 
of their essences. 

Now Copernicus takes from them nothing except this 
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common rest, leaving to them weight or lightness; motion 
up or down, slow or fast; rarity and density; the qualities of 
heat, cold, dryness, moistness; and, in a word, everything 
else. Hence no such absurdity as this author imagines ex- 
ists anywhere in the Copernican position. Agreement in an 


identical motion means neither more nor less than agree- 


ment in an identical state of rest, so far as any diversifica- 
tion or nondiversification of natures is concerned. Now 
tell me if he has other opposing arguments. 

SiMe. There follows a fourth objection, taken once again 
from an observation of nature. It is that bodies of the same 
kind have motions which agree in kind, or else they agree 
in rest. But in Copernicus’s theory, bodies agreeing in kind 
- and quite similar to each other would have great discrep- 
ancies as to motion, or even be diametrically opposed. For 
stars, so very similar to one another, would nevertheless 
have such dissimilar motions that six planets would per- 
petually go around, while the sun and the fixed stars would 
remain forever unmoved. 

SALV. The form of this argumentation appears to me 
valid, but I believe that its content or its application is at 
fault, and if the author were to persist in this assumption 
the consequences would run directly counter to his. The 
method of argument is this: 

Among world bodies, there are six which perpetually 
move; these are the six planets. Of the others (that is, the 
earth, the sun, and the fixed stars) the question is which 
move and which stand still. If the earth stands still, the sun 
and the fixed stars necessarily move, and it may also be that 
the sun and the fixed stars are motionless if the earth is 
moving. This matter being in question, we inquire which 
ones may more suitably have motion attributed to them, 
and.which ones rest. 

Common sense says that motion ought to be deemed to 
belong to those which agree better in kind and in essence 
with the bodies which unquéstionably do move, and rest to 
those which differ most from them. Eternal rest and per- 
petual motion being very different events, it is evident that 
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the nature of an ever-moving body must be quite different 
from that of one which is always fixed. Let us therefore find 
out, when in doubt about motion and rest, whether by way 
of some other relevant condition we can investigate 
which—the earth, or the sun and the fixed stars—more re- 
sembles those bodies which are known to be movable. 
Now behold how nature, favoring our needs and wishes, 
presents us with two striking conditions no less different 
than motion and rest; they are lightness and darkness— 
that is, being brilliant by nature or being obscure and to- . 
tally lacking in light. Therefore bodies shining with 
internal and external splendor are very different in nature 
from bodies deprived of all light. Now the earth is de- 
prived of light; most splendid in itself is the sun, and the 
fixed stars are no less so.’"The six moving planets entirely 
lack dight, like the earth; therefore their essence resembles 
the earth and differs from the sun and the fixed stars. 
Hence the earth moves, and the sun and the stellar sphere 
are motionless. 
SimP. But the author will not concede that the six planets 
are dark, and will stand firm upon that denial; or else he 
will argue the great conformity in nature between the six 
planets and the sun and fixed stars, as well as the contrast 
between the latter and the earth, with respect to condi- 
tions other than those of darkness and light. Indeed, I now 
see that here in the fifth objection, which follows, there is 
set forth the great disparity between the earth and the 
heavenly bodies. He writes that there would be great con- 


fusion and trouble in the system of the universe and 


among its parts, according to the Copernican hypothesis, 
because of its placing among the heavenly bodies (im- 
mutable and incorruptible according to Aristotle, Tycho, 
and others); among bodies of such nobility by the admis- 
sion of everyone (including Copernicus himself, who de- 
clares them to be ordered and arranged in the best possible 
manner and who removes from them any inconstancy of 
power); because, I say, of its placing among bodies as 
pure as Venus and Mars this sink of all corruptible mater- 
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ial; that is, the earth, with the water, the air, and all their 
mixtures! 

How much superior a distribution, and how much more 
suitable it is to nature—indeed, to God the Architect 
Himself—to separate the pure from the impure, the mor- 
tal from the immortal, as all other schools teach, showing 
us that impure and infirm materials are confined within 
the narrow arc of the moon’s orbit, above which the celes- 
tial objects rise in an unbroken series! 

SALV. Itis true that the Copernican system creates distur- 
bances in the Aristotelian universe, but we are dealing 
with our own real and actual universe. 

If a disparity in essence between the earth and the 
heavenly bodies is inferred by this author from the incor- 
ruptibility of the latter and the corruptibility of the for- 
mer in Aristotle’s sense, from which disparity he goes on to 
conclude that motion must exist in the sun and fixed stars, 
with the earth immovable, then he is wandering about in a 
_ paralogism and assuming what is in question. For Aristotle 

wants to infer the incorruptibility of heavenly bodies from 
their motion, and it is being debated whether this is theirs 
or the earth’s. Of the folly of this rhetorical deduction, 
enough has already been said. What is more vapid than to 
say that the earth and the elements are banished and se- 
questered from the celestial sphere and confined within 
the lunar orbit? Is not the lunar orbit one of the celestial 
spheres, and according to their consensus is it not right in 
the center of them all? This is indeed a new method of 
‘separating the impure and sick from the sound—giving to 
the infected a place in the heart of the city! I should have 
thought that the leper house would be removed from there 
‘as far as possible. 

Copernicus admires the arrangement of the parts of 
the universe because of God’s having placed the great lu- 
minary which must give off its mighty splendor to the 
whole temple right in the center of it, and not off to one 
side. As to the terrestrial globe being between Venus and 
Mars, let me say one word about that. You yourself, on be- 
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half of this author, may attempt to remove it, but please let 
us not entangle these little flowers of rhetoric in the rigors 
of demonstration. Let us leave them rather to the orators, 
or better to the poets, who best know how to exalt by their 
graciousness the most vile and sometimes even pernicious 
things. Now if there is anything remaining for us to do, let 
us get on with it. 

Simp. Here is the sixth and last argument, in which he 
puts it down as an unlikely thing that a corruptible and 
evanescent body could have a perpetual regular motion. 
This he supports by the example of the animals, which, 
though they move with their natural motion, nevertheless 
get tired and must rest to restore their energy. And what is 
such motion compared to the motion of the earth, which is 
immense in comparison’with theirs? Yet the earth is made 
to move in three discordant and distractingly different 
ways! Who would ever be able to assert such a thing, except 
someone who was sworn to its defense? 

Nor in this case is there any use in Copernicus saying 
that this motion, because it is natural to the earth and not 
constrained, works contrary effects to those of forced mo- 
tions; and that things which dre given impetus are destined 
to disintegrate and cannot long subsist, whereas those 
made by nature maintain themselves in their optimum 
arrangement. This reply, I say, is no good; it falls down be- 
fore our answer. For the animal is a natural body too, not an 
artificial one; and its movement is natural, deriving from 
the soul; that is, from an intrinsic principle, while that mo- 
tion is constrained whose principle is outside and to which 
the thing moved contributes nothing. Yet if the animal 
continues its motion long, it becomes exhausted and would 
even die if it obstinately tried to force itself on. 

You see, therefore, how everywhere in nature traces are 
to be found which are contrary to the position of Coperni- 
cus, and never one in favor of it. And in order that I shall 
not have to resume the role of this opponent, hear what he 
has to say against Kepler (with whom he is in disagree- 
ment) in regard to what this Kepler has objected against 
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those to whom it seemed an unsuitable or even an impos- 

sible thing to expand the stellar sphere as much as the 
Copernican position requires. Kepler objects to this by 

saying: “Difficilius est accidens praeter modulum subiecti inten-  Kepler’s ar- 
dere, quam subiectum sine accidente augere: Copernicus igitur El 
verisimilius factt, qui auget orbem stellarum fixarum absque motu, Coe iit 
quam Ptolemaeus, qui auget motum fixarum immensa velocitate.” 

(“It is harder to stretch the property beyond the model of 

the thing than to augment the thing without the property. 
Copernicus therefore has more probability on his side, in- 

creasing the orb of the stars as fixed without motion, than 

does Ptolemy who augments the motion of the fixed stars 

by an immense velocity.”) The author resolves this objec- The author 
tion, marveling that Kepler was so misled as to say that the ofa a_i 
Ptolemaic hypothesis increases the motion beyond the ex 
model of the subject, for it appears to him that this is in-  Kepler., 
creased only in proportion to the model, and that in accor- Velocity in- 
dance with this latter the velocity of motion is augmented. She 
He proves this by imagining a millstone which makes one ‘motion as 
revolution in twenty-four hours, which motion will be: the diame- 
called very slow. Next he supposes its radius to be pro- pe - 
longed all the way to the sun; the velocity of its extremity grows. 
will equal that of the sun; prolonging it to the stellar 

sphere, it will equal the velocity of the fixed stars. Yet at 

the circumference of the millstone it will be very slow. 

Next, applying this reflection about the millstone to the 

stellar sphere, let us imagine a point on the radius of that 

sphere as close to its center as the radius of the millstone. 

Then the same motion which is very rapid in the stellar 

sphere will be very slow at this point. The size of the body 

is what makes it become very fast from being very slow, 

and thus the.velocity does not grow beyond the model of 

the subject, but rather it increases according to that and to 

its size, very differently from what Kepler thinks. 

SALV. I do not believe that this author entertained so poor 

and low an opinion of Kepler as to be able to persuade 

himself that Kepler did not understand that the farthest 

point on a line drawn from the center out to the starry orb 
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moves faster than a point on the same line no more than 
two yards from the center. Therefore he must have seen 
and comprehended perfectly well that what Kepler meant 
was that it was less unsuitable to increase an immovable 
body to an enormous size than to attribute an excessive ve- 
locity to a body already vast, paying attention to the pro- 
portionality (modulo)—that is to say, to the standard and 
example—of other natural bodies, in which it is seen that 
as the distance from the center increases, the velocity is 
decreased; that is, the period of rotation for them requires 
a longer time. But in a state of rest, which is incapable of 
being made greater or less, the size of the body makes no 
difference whatever. So that if the author's reply is to have 
any bearing upon Kepler’s argument, this author will have 
to believe that it is all the same to the motive principle 
whether a very tiny or an immense body is moved for the 
same time, the increase of velocity being a direct conse- 
quence of the increase in size. But this is contrary to the 
architectonic rule of nature as observed in the model of 
the smaller spheres, just as we:see in the planets (and most 
palpably in the satellites of Jupiter) that the smaller orbs 
revolve in the shorter times. For this reason Saturn’s time 
of revolution is longer than the period of any lesser orb, 
being thirty years. Now to pass from this to a much larger 
sphere, and make that revolve in twenty-four hours, can 
truly be said to go beyond the rule of the model. So that if 
we consider the matter carefully, the author’s answer does 
not go against the sense and idea of the argument, but 


against its expression and manner of speaking. And here 


also the author is wrong, nor can he deny having in a way 
perverted the sense of the words in order to charge Kepler 
with too crass an ignorance. But the imposture is so crude 
that with all his censure he has not been able to detract 
from the impression that Kepler has made upon the minds 


. of the learned with his doctrine. 


Then as to the objection against the perpetual motion of 
the earth, taken from the impossibility of its keeping on 
without becoming fatigued, since animals themselves that 
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move naturally and from an internal principle get tired 
and have need of repose to relax their members... . 
SAGR. It seems to me that I hear Kepler answering him 
that there are also animals which refresh themselves from 
weariness by rolling on the ground, and that hence there is 
no need to fear that the earth will tire; it may even be rea- 
sonably said that it enjoys a perpetual and tranquil repose 
by keeping itself in an eternal rolling about. 
SALV. Sagredo, you are too caustic and sarcastic. Let us 
put all joking aside, for we are dealing with serious matters. 
SAGR. Excuse me, Salviati, but to me what I have just said 
is not so far from relevant as perhaps you make it out to be. 
For a movement that serves for repose and removes the 
weariness from a body tired of traveling may much more 
easily serve to ward it off, just as preventive remedies are 
easier than curative ones. And I am sure that if the motion 
of animals took place as does this one which is attributed 
to the earth, they would not weary at all. For the fatigue of 
the animal body proceeds, to my thinking, from the em- 
ployment of but one part in moving itself and the rest of 
the body. Thus, for instance, in walking, only the thighs 
and the legs are used to carry themselves and all the rest, 
but on the other hand you see the movement of the heart 
to be indefatigable, because it moves itself alone. 

Besides, I don’t know how true it is that the movement 
of animals is natural rather than constrained. Rather, I 
believe it can be truly said that the soul naturally moves 
the members of the animal with a preternatural motion. 
For if motion upward is preternatural to heavy bodies, 
the raising of such heavy bodies as the thigh and the leg 
to walk cannot be done without constraint, and therefore 
not without tiring the mover. Climbing up a ladder car- 
ries a heavy body upward against its natural tendency, 
from which follows weariness because of the natural re- 
pugnance of heaviness to such a motion. But if a movable 
body has a motion to which it has no repugnance what- 
ever, what tiredness or diminution of force and of power 
need be feared on the part of the mover? And why 
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should power be dissipated where it is not employed at 
all> 

SIMP. It is against the contrary motions by which the ter- 
restrial globe is imagined to move that the author directs 
his objection. 

SAGR. It has already been said that they are not contrary 
at all, and that in this the author is much deceived, so that 
the strength of his objection is turned against the objector 
himself when he will have it that the primum mobile carries 
all the lower spheres along, contrary to the motion which 
they are continually employing at the same time. There- 
fore it is the primum mobile which ought to get tired, since 
besides moving itself it has to take along many other 
spheres which moreover oppose it with a contrary motion. 
Hence the last conclusiomthat the author drew, saying that 
in going over the effects of nature, things favorable to the 
Aristotelian and Ptolemaic opinion are always found and 
never any that do not contradict Copernicus, stands in 
need of careful consideration. It is better to say that if one 
of these positions is true and the other necessarily false, it 
is impossible for any reason, experiment,.or correct argu- 
ment to be found to favor the false one, as none of these 
things can be repugnant to the true position. Therefore a 
great disparity must exist between the reasons and argu- 
ments that are adduced by the one side and by the other 
for and against these two opinions, the force of which I 
leave you to judge for yourself, Simplicio. 

SALV. Carried away by the nimbleness of your wit, 
Sagredo, you have taken the words out of my mouth just 
when I meant to say something in reply to this last argu- 
ment of the author’s; and although you have replied more 
than adequately, I wish to add anyway what I had more or 
less in mind. 

He puts it down as a very improbable thing that an 
evanescent and corruptible body such as the earth could 
move perpetually with a regular motion, especially since 
we see animals finally exhaust themselves and stand in need 
of rest. And to him this improbability is increased by this 
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motion being immeasurably greater in comparison with 
that of animals. Now I cannot understand why he should be 
disturbed at present about the speed of the earth, when that 
of the stellar sphere, which is so much greater, causes him 
no more considerable disturbance than does that which he 
ascribes to the velocity of a millstone performing only one 
revolution every twenty-four hours. If the velocity of rota- 
tion of the earth, by being in accord with the model of the 
millstone, implies no consequence of greater moment than 
that does, then the author can quit worrying about the ex- 
haustion of the earth; for not even the most languid and 
sluggish animal—not even a chameleon, J say—would get 
exhausted from moving no more than five or six yards every 
twenty-four hours. But if he means to consider the velocity 
absolutely, and no longer on the model of this millstone, 
then inasmuch as the movable body must pass over a very 
great space in twenty-four hours, he should show himself Tiring is 
so much the more reluctant to concede this to the starry more to be 
: aha: feared for 
sphere, which, with incomparably greater speed than that the stellar 
of the earth, must take along with it thousands of bodies, sphere than 
each much larger than the terrestrial globe. mee 
It would now remain for us to see the proof by which 
this author concludes that the new stars of 1572 and 1604 
were sublunar in position, and not celestial, as the as- 
tronomers of that time were commonly persuaded; truly a 
great undertaking. But since these writings are new to me, 
and long by reason of so many calculations, I thought that 
it would be more expeditious for me to look them over as 
well as I can between this evening and tomorrow morning; 
and then tomorrow, returning to our accustomed discus- 
sions, I shall tell you what I have got out of them. Then, if 
there is time enough, we shall discuss the annual move- 
ment attributed to the earth. 
Meanwhile, if there is anything else you want to say— 
particularly you, Simplicio—about matters pertaining to 
this diurnal motion which has been so lengthily examined 
by me, there is yet a little while left to us in which this can 


* be discussed. 
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Simp. [have nothing else to say, except that the discussions 
held today certainly seem to me full of the most acute and 
ingenious ideas adduced on the Copernican side in support 
of the earth’s motion. But I do not feel entirely persuaded 
to believe them; for after all, the things which have been 
said prove nothing except that the reasons for the fixedness 
of the earth are not necessary reasons. But no demonstra- 
tion on the opposing side is thereby produced which nec- 
essarily convinces one and proves the earth’s mobility. 
SALV. I have never taken it upon myself, Simplicio, to 
alter your opinion; much less should I desire to pass a def- 
inite judgment on such important litigatton. My only in- 
tention has been, and will still be in our next debate, to 
make it evident to you that those who have believed that 
the very rapid motion every twenty-four hours belongs 
to the earth alone, and not to the whole universe with only 
the earth excepted, were not blindly persuaded of the pos- 
sibility and necessity of this. Rather, they had very well ob- 
served, heard, and examined the reasons for the contrary 
opinion, and did not airily wave them aside. With this same 
intention, if such is your wish and Sagredo’s, we can go on 
. to the consideration of that other movement attributed to 
the same terrestrial globe, first by Aristarchus of Samos 
and later by Nicholas Copernicus, which is, as I believe 
you well know, that it revolves under the zodiac in the 
space of a year around the sun, which is immovably placed 
in the center of the zodiac. 
Simp. The question is so great and noble that I shall listen 
to its discussion with deep interest, expecting to hear 
everything that can be said upon the subject. Following 
that, I shall go on by myself at my leisure in the deepest re- 
flections upon what has been heard and what is to be heard. 
And if I gain nothing else, it will be no small thing to be 
able to reason upon more solid ground. 
SAGR. Then in order not to weary Salviati further, let us 
put an end to today’s discussions, and tomorrow we shall 
take up the discourse again according to our custom, hop- 
ing to hear great new things. 
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SIMP. I shall leave the book on the new stars, but I am tak- 
ing back this booklet of theses in order to look over once 
more what is there written against the annual motion, 
which will be the subject of tomorrow’s discussion. 
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SAGREDO. I have been impatiently awaiting your arrival, 
that I might hear the novel views about the annual rotation 
of this globe of ours. This has made the hours seem very 
long to me last night and this morning, though I have not 
passed them idly. On the contrary, I have lain awake most 
of the night running over in my mind yesterday’s argu- 
ments and considering the reasons adopted by each side in 
favor of these two opposing positions—the earlier one of 
Aristotle and Ptolemy, and this later one of Aristarchus 
and Copernicus. And truly it seems to me that whichever 
of these theories happens to be wrong, the arguments in its 
favor are so plausible that it deserves to be pardoned—so 
long as we pause at the ones produced by its original 
weighty authors. Yet because of its antiquity the Peri- 
patetic opinion has had many followers, while the other 
has had but few, partly because of its difficulty and partly 
‘because of its novelty. And among the partisans of the for- 
mer, especially in modern times, I seem to discern some 
who introduce very childish, not to say ridiculous, reasons 
in maintaining the opinion which appears to them to be 
true. 

SALV. The same thing has. struck me even more forcibly 
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than you. I have heard such things put forth as I should 
blush to repeat—not so much to avoid discrediting their 
authors (whose names could always be withheld) as to re- 
frain from detracting so greatly from the honor of the 
human race. In the long run my observations have con- 
vinced me that some men, reasoning preposterously, first 
establish some conclusion in their minds which, either be- 
cause of its being their own or because of their having re- 
ceived it from some person who has their entire 
confidence, impresses them so deeply that one finds it im- 
possible ever to get it out of their heads. Such arguments 
in support of their fixed idea as they hit upon themselves 
or hear set forth by others, no matter how simple and stu- 
pid these may be, gain their instant acceptance and ap- 
plause. On the other hand whatever is brought forward 
against it, however ingenious and conclusive, they receive 
with disdain or with hot rage—if indeed it does not make 
them ill. Beside themselves with passion, some of them 
would not be backward even about scheming to suppress 
and silence their adversaries. I have had some experience 
of this myself. 

SAGR. I know; such men do not deduce their conclusion 
from its premises or establish it by reason, but they accom- 
modate (I should have said discommode and distort) the 
premises and reasons to a conclusion which for them is al- 
ready established and nailed down. No good can come of 
dealing with such people, especially to the extent that 
their company may be not only unpleasant but dangerous. 
Therefore let us continue with our good Simplicio, who. 
has long been known to me as a man of great ingenuity and 
entirely without malice. Besides, he is intimately familiar 
with the Peripatetic doctrine, and J am sure that whatever 
he does not think up in support of Aristotle’s opinion is not 
likely to occur to anybody. 

But here, all out of breath, comes the very person who 
has been wished for so long today——We were just now ma- 
ligning you. 

SIMP. Please don’t scold me; blame Neptune for my long | 
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delay. For in this morning’s ebb he withdrew the waters in 

such a manner that the gondola in which I was riding, hav- 

ing entered an unlined canal not far from here, was left 

high and dry. I had to stay there over an hour awaiting the 

return of the tide. And while I was there, unable to get out 

of the boat (which had run aground almost instantly), I fell 

to observing an event which struck me as quite remark- 

able. As the water slackened, it might be seen to run very 

swiftly through various rivulets, the mud being exposed in 

many places. While I was watching this effect, I saw this 

motion along one stretch come to a halt, and without paus- Motion of 
ing a moment the same water would begin to return, the the water 
sea turning from retreat to advance without remaining sta- a 
tionary for an instant. This is an effect which I have never _ flow is not 
happened to see before in all the time I have frequented — 
Venice. 

SAGR. Then you cannot often have happened to be 
stranded among little trickles. On account of their having 

scarcely any slope, the sinking or rising of the open sea by 

merely the thickness of a sheet of paper is enough to make 

the water flow and return a long distance through such 

rivulets. On some seacoasts the rising of the sea only a few 

yards makes the water spill over the plains for many thou- 

sands of acres. 

Simp. I know that well enough, but I should think that be- 

tween the lowest point of the sinking and the first point of 

the rising, some perceptible interval of rest would be 

bound to intervene. 

SAGR. It will appear so to you when you have in mind 

walls or pilings, upon which this change takes place verti- 

cally. But actually there is no state of rest. 

Simp. It would seem to me that these being two contrary 
motions, there would have to be some rest midway be- 

tween them, in agreement with Aristotle’s doctrine prov- 

ing that i” puncto regressus medtat qutes. 

SAGR. I remember the passage well, and J also recall that 

when I was studying philosophy I was not convinced by 
Aristotle’s proof. Indeed, | have had many experiences to 


‘ 
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the contrary. I might mention them now, but I do not want 
to have us wander into any more abysses. We have met 
here to discuss our subject, if possible, without 1 interrupt: 
ing it as we have in the past two days. 

Simp. Still it will be good, if not to interrupt it, at least to 
extend it somewhat. For upon returning home yesterday 
evening I fell to rereading that booklet of theses, where I 
found some very convincing proofs against this annual 
motion which is attributed to the earth. And since IJ did not 
trust myself to quote them exactly, I have brought the 
booklet along with me. 

SAGR. You have done well. But if we mean to take up our 
discussion again in accordance with yesterday’s agree- 
ment, we must first hear what Salviati has to say about the 
book on the new stars.“Then, without further interrup- 
tions, we may examine the annual motion. 

Now, Salviati, what have you to say in regard to these 
stars? Have they really been drawn down from the heavens 
into these baser regions by virtue of the calculations made 
by this author whom Simplicio has produced? 

SALY. Last night I undertook to study his procedures, and 
this morning I gave them another glance, wondering 
whether what I thought I had been reading the night be- 
fore was really written there, or whether I was the victim of 
ghosts and fantastic imaginings of the night. To my great 
regret, I found actually written and printed there that 
which, for the sake of this philosopher’s reputation, I 
should have wished had not been. It seems impossible to 
me that he does not realize the vanity of his enterprise, 
both because it is so obvious and because I remember hav- 
ing heard our friend the Academician praise him. It also 
seems to me very hard to believe that out of deference to 
others he could be persuaded to hold his own reputation.in 
such low esteem as to be induced to publish a work from 
which nothing but censure could be expected from the 
learned. . 
SAGR. You might add that there will be rather less than 
one in a hundred of these, to offset those who will cele- 
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brate and exalt him over all the most learned men who 
exist now or ever have. A man able to sustain the Peripa- 
tetic inalterability of the heavens against a host of as- 
tronomers, and one who, to their greater shame, has done 
battle against them with their own weapons! And if there 
are half a dozen to a province who perceive his trivialities, 
what are they against the innumerable multitude who 
(being able neither to discover these nor to comprehend 
them) are taken in by all the shouting, and applaud the 
more the less they understand? And even the few who do 
understand scorn to make a reply to such worthless and in- 
conclusive scribbles. With good reason, too; for those who 
do understand have no need of this, and upon those who 
do not understand it is wasted effort. 
SALV. Silence would indeed be the most appropriate rep- 
rimand for their worthlessness, were there not other rea- 
sons which practically force one to repudiate them. One 
reason is that we Italians are making ourselves look like ig- 
noramuses and are a laughing-stock for foreigners, espe- 
cially for those who have broken with our religion; I could 
show you some very famous ones who joke about our Aca- 
demician and the many mathematicians in Italy for letting 
the follies of a certain Lorenzini appear in print and be 
maintained as his views without contradiction. But this 
also might be overlooked in comparison with another and 
greater occasion for laughter that might be mentioned, 
which is the hypocrisy of the learned toward the trifling of 
opponents of this stripe in matters which they do not un- 
derstand. 
SAGR. I could not ask for a better example of their petu- 
lance, or of the unhappy situation of a man like Coperni- 
placed under the carping of those who do not 
understand even the rudiments of the position against 
which they have declared war. 
SALV. You will be no less astonished at — manner of re- 
futing the astronomers who declare the new stars to be 
above the orbits of the planets, and perhaps among the 
fixed stars themselves (vel firmamento). 
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SAGR. But how can you have examined this whole book in 
such a short time? It is certainly a large volume, and there 
must be numerous demonstrations in it. 

SALV. I stopped after these first refutations of his in which, 
with twelve demonstrations founded upon the observa- 
tions of twelve of the astronomers who thought that the 
new star of 1572 (which appeared in Cassiopeia) was in the 
firmament, he proves it on the contrary to have been sub- 
lunar. To do this he compares, two by two, the meridian al- 
titudes taken by different observers in places of different 
latitude, proceeding in a manner which you will under- 
stand presently. And it seems to me that in examining this 
first procedure of his I have detected in this author a great 
inability to prove anything against the astronomers or in 
favor of the Peripatetic*philosophers, and that indeed he 
only confirms their opinion more conclusively. Therefore I 
did not want to devote myself with equal patience to the 
examination of his other methods; having given them a su- 
perficial glance, I am positive that the inconclusiveness 
which pervades his first refutation would exist in the oth- 
ers likewise. And the fact is (as you will soon see) that a 
very few words suffice to refute this work, although it is 
built up with so many laborious calculations, as you have 
perceived. 

Therefore you shall hear how I proceeded. The author, 
I say, in order to attack his adversaries with their own 
weapons, takes a large number of the observations which 
they themselves have made, these authors being twelve or 
thirteen in number. On a part of these he bases his calcu- 
lations, and he deduces such stars to have been below the 
moon. Now since I am very fond of proceeding by interro- 
gation, and since the author is not here himself, you, Sim- 
plicio, shall reply to the queries I am going to make, and 
say whatever you believe he would say. 

Assuming that we are dealing with the nova of 1572 ap- 
pearing in Cassiopeia, tell me, Simplicio, whether you 
think it might have been in different places at the same 
time. That is, could it be amidst the elements and also be 
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among the planetary orbits, and in addition be above these 
among the fixed stars, as well as being infinitely higher? 
SIMP. Doubtless one must say that it was located in a sin- 
gle place, at a unique and determinate distance from the 
earth. 

SALV. Then if the observations made by the astronomers 
were correct, and if the calculations made by this author 
were not erroneous, both the former and the latter would 
necessarily have to yield exactly the same distance; isn’t 
that right? 
SIMP. So far as I can see it would necessarily be so, nor do 
I believe that the author would contradict this. 

SALV. But if, of many computations, not even two came 
out in agreement, what would you think of that? 

StMP. I should judge that all were fallacious, either 
through some fault of the computer or some defect on the 
part of the observers. At best I might say that a single one, 
and no more, might be correct; but I should not know 
which one to choose. . 

SALV. But would you want to deduce a questionable con- 
clusion and establish it as true, from a false basis? Surely 
not. Now this author’s calculations are such that not one of 
them agrees with any other; you see, then, how much faith 
you can put in them. 

SIMP. If that is how matters stand, it is truly a serious de- 
fect. 

SAGR. I want to help Simplicio and his author out by say- 
ing to you, Salviati, that your case would indeed be con- 
clusive if the author had undertaken to find out definitely 
how far the star was from the earth. But [ do not believe 
that that was his intent; he wished only to show that the 
star was sublunar. Now if, from the observations men- 
tioned and from all the calculations made on these, the 
height of the star can always be inferred to have been less 
than that of the moon, this would suffice the author to con- 
vict of the crassest ignorance all those astronomers who, 
whether they erred in geometry or in arithmetic, could not 
deduce the true conclusions from their own observations. 
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Minimum 
and maxi- 
mum alti- 
tudes of a 
new star 
will differ 
no more 
than the 
polar eleva- 
tions, if the 
new star is 
in the fir- 
mament. 


SALV. Then I had better turn my attention to you, 
Sagredo, since you so cunningly sustain the author’s doc- 
trine. And let us see whether I can also persuade Simplicio 
(although he is unskilled at calculations and proofs) that 
this author’s demonstrations are inconclusive to say the 
least. Consider first that both he and all the astronomers he 
is in conflict with agree that the new star had no motion of 
its own, but merely went around with the diurnal motion 
of the primum mobile. But they disagree about its place, the 
astronomers putting it in the celestial regions (that is, 
above the moon) and perhaps among the fixed stars, while 
he judges it to be near the earth; that is, under the arc of 
the moon’s orbit. And since the site of the new star of 
which we are speaking was toward the north and at no 
great distance from the pole, so that for us northerners it 
never set, it was a simple matter to take its meridian alti- 
tudes by means of astronomical instruments—its minimal 
below the pole as well as its maximal above the pole. By 
combining these, when the observations were made at dif- 


ferent places on the earth and at different distances from 


the north (that is, at places differing among themselves as 
to polar elevation), the distance of the star could be rea- 
soned out. For if it was placed in the firmament among the 
other fixed stars, its meridian altitudes when taken at dif- 
ferent elevations of the pole would have to differ among 
themselves in the same way as did these polar elevations. 
Thus, for example, if the altitude of the star above the 
horizon had been thirty degrees when taken at a place 
where the polar elevation was, say, forty-five degrees, then 
the altitude of the star ought to be increased four or five 
degrees in those more northerly lands in which the pole is 
four or five degrees higher. But if the distance of the star 
from the earth was very small in comparison with that of 
the firmament, then its meridian altitudes should have in- 
creased noticeably more than the polar elevations as the 
pole was approached. From such a greater increase—that 
is, from the excess of the increase of the star’s elevation 
over the increase of the polar altitude, which is called a 
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difference of parallax—the distance of the star from the 
center of the earth may be quickly calculated by a clear 
and certain method. 

Now this author takes the observations made by thir- 
teen astronomers at different polar’ elevations, and com- 
paring a part of these (which he selects) he calculates, by 
using twelve pairings, that the height of the new star was 
always below the moon. But he achieves this by expecting 
such gross ignorance on the part of everyone into whose 
hands his book might fall that it quite turns my stomach. I 
can hardly see how the other astronomers contain them- 
selves in silence. Especially Kepler, against whom this au- 
thor particularly declaims; he would not be one to hold his 
tongue, unless he considered the matter beneath his no- 
tice. 

Now for your information I have copied on these pages 
the conclusions that he deduces from his twelve investiga- 
tions. Of these the first is from the two observations 


—_— 


.of Maurolycus and Hainzel, from which it is de- 

duced that the star is distant from the center by less 

than three terrestrial radii, the difference of parallax 

AZO GIR NNR ce cisierscec Oe. Simmemaannce ieee 5 « 3 radii; 
2. and he calculates from the observations of Hainzel 

and Schuler, with a parallax of 8’ 30”, and infers that 

its distance from the center is more than .......... 25 radii; 
. and upon the observations of Tycho and of Hainzel, 

with a parallax of 10 minutes; and the distance from 

the center is inferred to be a little less than........ 19 radii; 
4.and upon the observations of Tycho and of the 
Landgrave of Hesse, with parallax of 14 minutes, 
and he renders the distance from the center about 10 radii; 
and on the observations of Hainzel and of Gemma, 
with a parallax of 42’ 30”, by which the distance is 
Hplicdiobeabourree emarerrIre:.. .. orem. 4 radii; 
6. and on the observations of the Landgrave and of 
Camerarius, with a parallax of 8 minutes, and the 
distance is found to be around.................... 4 radii; 


Ww 


wa 
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7. and upon the observations of Tycho and of Hagek, 


10. 


iG 


We 


with a parallax of 6 minutes, and infers a distance of 


and with the observations of Hagek and of Ursinus, 


with a parallax of 43 minutes, and he takes the dis- 


tance of the star from the surface of the earth at... 
.and on the observations of the Landgrave and of 


Busch, with a parallax of 15 minutes, he gives the 
distance from the surface of the earth as .......... 

and upon the observations of Maurolycus and of 
Munoz, with a parallax of 4° 30% yielding a distance 
from the surface-of the earthof...........00e00 ee. 

and with the observations of Mufioz and of Gemma, 
with a parallax of 55 minutes, there is produced a 
distance from the center of about................. 

and with the observations of Mufioz and of Ursinus, 
with a parallax of 1° 36’, the distance from the cen- 


32 radii; 


radius; 


Ys radius; 


' ; 
#4 radius; 


13 radii; 


ter is found:to beléssichan era aaa 7 radii. 


These are twelve investigations which the author has 
made at his own choice from among the multitude which, 
as he says, could be made with the combinations of the ob- 
servations of these thirteen observers; the twelve selected 
are, one may believe, those most favorable to his case. 
SAGR. But I should like to know whether among all the 
other investigations, omitted by this author, there were any 
in his disfavor; that is, any from the calculation of which it 
would be inferred that the new star was above the moon. It 
seems to me at first glance that this may reasonably be 
asked. For I see these results differing so much among 
themselves that some of them give me distances of the 
new star from the earth which are four, six, ten, a hundred, 
a thousand, and fifteen hundred times as great as others, so 
that I may well suspect that among those not calculated 
there might be some in favor of the opposite side. This 
seems to me so much the more credible in that I do not 
suppose these astronomical observers would lack the in- 
telligence and skill for such computations, which I think 
do not depend upon the most abstruse things in the world. 
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Indeed, when among just these twelve researches there are 
some which would place the star only a few miles from the 
earth, and others which make it but little short of the dis- 
tance to the moon, it would seem almost miraculous to me 
if none were to be found which favored the other side and 
put the star at least twenty yards beyond the lunar orbit. 
And what would be still more absurd is for all these as- 
tronomers to be so blind as not to discover so obvious a 
' mistake of their own. 

SALV. Well, prepare now to hear, with unbounded aston- 
ishment, to what excesses of confidence in one’s own au- 
thority and the foolishness of other people one may be 
carried by a desire to argue and to show oneself more in- 
telligent than others. 

Among the researches which the author has omitted, 
there are some which place the new star not merely be- 
yond the moon, but even above the fixed stars. And these 
are not just a few, but the majority, as you see here upon 
this page where I have set them down. 

SAGR. But what does the author say about these? Or per- 
haps he has not considered them? 

SALV. All too much has he considered them; he says that 
those observations are erroneous upon which such calcu- 
lations are based as would put the star infinitely distant, 
and that these cannot be reconciled. 

Simp. Well, that certainly looks to me like a feeble eva- 
sion, since with just as much right the other side might say 
that these from which he deduces that the star is in the el- 
emental regions are in error. 

SALv. Oh, Simplicio, if I should succeed in convincing 
you of the artfulness—though it is no great artistry—of 
this author, I should rouse you to wonder—and also to in- 
dignation—when you discovered how he, covering his 
cunning with the veil of your naiveté and that of other 
mere philosophers, tries to insinuate himself into your 
_ good graces by gratifying your ear and puffing up your am- 
bition, pretending to have convicted and silenced these tri- 
fling astronomers who wanted to assail the ineradicable 
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inalterability of the Peripatetic heavens, and what is more, 
to have struck them dumb and overpowered them with 
their own weapons. I shall make every effort to do this. 
Meanwhile you, Sagredo, will excuse Simplicio and me if 
we bore you unduly while I, with a superfluous course of 
words (superfluous, I mean, to your swift apprehension), 
go on trying to make clear something which it is best 
should not remain hidden from and unknown to him. 
SAGR. I shall hear your discourse not only without bore-_ 
dom, but with pleasure. If only all the Peripatetic philoso-_ 
phers might do the same, so that they might find out in that 
way just what their obligations are to this protector of 
theirs! 
SALV. Tell me, Simplicio, assuming the new star to lie to 
the north and in the méridian circle, whether you are in- 
deed convinced that for a person who should travel half a 
day toward the north star, this new star would keep rising 
above the horizon just as much as would the polestar, if the 
new star were truly located among the fixed stars. And that 
on the other hand if it were considerably below them— 
that is, closer to the earth—it would appear to rise more 
than that polestar, and the closer it was to the earth, the 
more it would do so. 
Simp. I think I thoroughly understand this, as a token of 
which I shall try to make a mathematical diagram for it. 
In this large circle I mark the 
pole P, and in these two lower cir- 
Y, __ cles I shall indicate two stars seen 
from a point on the earth A, these 
two stars being B and C, seen along 
the same line ABC against a fixed 
star D. Then, as I move along the 
earth toward a point E, the two 
stars will appear to separate from 
the fixed star D and approach the pole P—the lower one, 
B, moving more, appearing to me as at G; and C somewhat 
less, appearing as at F. But the fixed star D will have kept 
the same distance from the pole. 
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SALV. I see that you understand quite well. I think you un- 
derstand also how, the star B being lower than C, the angle 
formed by the visual rays leaving from the two places A 
and E and meeting at C (that is, the angle ACE) is nar- 
rower, or let us say more acute, than the angle formed at B 
by the rays AB and EB. 

Simp. That is easily seen. 

SALV. And also, since the earth is very small or practically 
imperceptible with respect to the firmament, and conse- 
quently the distance AE which can be traversed upon the 
earth is also very short in comparison with the immense 
length of the lines EG and EF from the earth to the firma- 
ment, you can understand that the star C might be raised 
higher and higher from the earth, so that the angle formed 
at it by rays leaving these same points A and E would be- 
come extremely acute—as if this angle were absolutely 
imperceptible and nonexistent. 

Sime. This also I understand perfectly. . 

SALV. Now, Simplicio, you must know that astronomers 
and mathematicians have discovered infallible rules of 
geometry and arithmetic, by means of which, using the 
sizes of these angles B and C and their difference, and tak- 
ing into account the distance between the two places A and 
E, one may determine the distance of the most sublime 
bodies within one foot, whenever the said distance and an- 
gles are taken precisely. 

Simp. Then if the rules depending upon geometry and 
arithmetic are correct, all the fallacies and errors that 
might arise in attempting to determine the altitudes of 
new stars, or comets, or the like, would have to depend 
upon improper measurement of the distance AE or the an- 
gles B and C. And hence all the differences that are seen in 
these twelve estimates depend not upon any defect in the 
rules of calculation, but upon errors made in determining 
those angles and distances by instrumental observations. 
SALV. Exactly so; there is no doubt about that. Now you 
must carefully note that in moving the star from B to C, by 
which the angle is made always more acute, the ray EBG 
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continually becomes more distant from that part of the ray 
ABD which is underneath the angle. This is shown by the 
line ECF, whose lower part EC is farther from the part AC 
than is EB. But it can never happen that by any lengthen- 
ing, however great, the lines AD and EF would be totally 
severed, since they must ultimately come together at the 
star. They could be said to be separated and reduced to 
parallelness only if the lengthening were infinite, which is 
out of the question. But mark well that since the distance 
of the firmament may be regarded as infinite in relation to 
the smallness of the earth (as already mentioned), the 
angle included between the rays drawn from the points A 
and E and ending at a fixed star is to be considered as null, 
and such rays are to be considered parallel lines. Hence we 
conclude that the new star may be declared to have been 
among the fixed stars only if comparisons of the observa- 
tions made at various places, upon calculation, imply this 
angle to have been null and the lines to have been parallel. 
But if the angle was of any perceptible size, the new star 
must necessarily have been beneath the fixed stars; even 
beneath the moon, if the angle ABE was greater than that 
formed at the center of the moon. 
Simp. Then the distance of the moon is not so great that 
such an angle remains imperceptible at it? 
SALV. No indeed; this angle is perceptible not only at the | 
moon, but even at the sun. 
SIMP. In that case such an angle might be observed for the 
new star without its having been beneath the sun, let alone 
the moon. ; 
SALV. So it might be, and so it is in the present instance, as 
you shall see in due course—that is, when I have cleared 
the road in such a way that you too, although ignorant of 
astronomical calculations, may be satisfied in your own 
mind how much more this author intended writing to 
please the Peripatetics by veiling and distorting various 
things than to establish the truth by bringing it out in its 
naked frankness. Therefore let us move on. 

From what has been said up to this point, I believe that 
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you know that the distance of the new star can never be 
made so great that this angle so often mentioned would 
entirely vanish, and the rays from observers at A and E 
would become parallel lines. This amounts to your com- 
pletely understanding that if calculation should imply that 
angle to be entirely null or those lines truly parallel, based 
upon the observations, then we should surely know those 
observations to be mistaken in at least some small degree. 
And if the calculations should give us these same lines as 
being not merely separated to equidistance (that is, as hav- 
ing become parallel), but as having passed beyond the limit 
and become wider above than below, then it would have to 
be definitely concluded that the observations had been 
made with very little accuracy, and were quite erroneous, 
leading us to an obvious impossibility. 

Next, you must believe me and take it as certainly true 
that two straight lines which leave from two given points 
upon another straight line are wider above than below when- 
ever the angles included between them on that straight 
line are greater than two right angles. If they were equal to 
two right angles, these lines would be parallel; if they were 
less than two right angles, then the lines would converge, 
and if prolonged would undoubtedly form a triangle. 
SIMP. I know this without taking your word for it. 1 am not 
so devoid of geometry as not to know a proposition which 
I have read in Aristotle a thousand times; namely, that the 
three angles of every triangle are equal to two right angles. 
So if I take the triangle ABE in my diagram, assuming that 
the line EA is straight, I know very well that its three an- 
gles A, E, and B are equal to two right angles, and that con- 
sequently E and A alone are less than two right angles by 
the angle B. Whence, widening the lines AB and EB (keep- 
ing them fixed in the points A and E) until the angle con- 
tained by them in the direction of B vanishes, the two 
angles at the base would remain equal to two right angles, 
and these lines would be reduced to parallelness. And if 
this widening were continued, the angles at points E and A 
would become greater than two right angles. 
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SALV. You are an Archimedes, and you have saved me 
spending more words in explaining to you that whenever 
the calculations imply that the two angles A and E exceed 
two right angles, the observations are to be taken as un- 
questionably mistaken. It is this which I so much desired to 
have you completely understand, and I was worried about 
not being able to explain it in such a way that a pure 
philosopher and Peripatetic would get a firm grip on it. 
Now we may proceed with the rest. : 

Taking up again what you granted to me a short time 
ago, that the new star could not be in more than one place, 
then whenever the calculations made from the observa- 
tions of these astronomers do not agree in putting it in the 
same place, there must,be errors in the observations; that 
is, either in taking the elevation of the pole or the altitude 
of the star, or both. Now since in many estimates, made 
from the combinations of the observations two at a time, 
there are few which place the star in the same position, 
only these few can be free from error; the rest are certainly 

* mistaken. 
SAGR. Then one would have to trust these few alone 
more than all the rest put together. And since you say that 
there are few of these which agree, and I see two among 
these twelve which put the distance of the star from the 
center of the earth at four radii (the fifth and sixth of 
them), then the star is more likely to have been elemental 
than celestial. 
SALV. Not so, for if you will look carefully, it does not say 
here that the distance is exactly four radii, but about four 
radii. And you see that those distances differ between 
themselves by hundreds of miles. Look here: this fifth one, 
you see, which is 13,389 miles, exceeds this sixth one of 
13,100 miles by nearly 300 miles. 
SAGR. Then which are these few which agree in placing 
the star in the same position? 
SALV. There are five investigations, to the disgrace of this 
author, which all place it among the fixed stars, as you may 
see in this other note where I have recorded many more 
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combinations. But I am going to concede to this author 
more than he would perhaps demand of me—that, to be 
brief, there is some error in every combination of these ob- 
servations. This I believe to be absolutely unavoidable, for 
the observations used in every investigation being four in 
number (that is, two different polar elevations and two dif- 
ferent altitudes for the star, made by different observers in 
different places and with different instruments), anybody 
who knows anything about the matter will say that it cannot 
be that no error will have fallen in among the four. Espe- 
cially when we know that in taking a single polar elevation 
with the same instrument in the same place and by the Astronomi- 
same observer (who may have made it many times), there ©! instru- 
will be a variance of a minute or so; even of many minutes, oui ae 
as may be seen in plenty of places in this same book. 
These things granted, I ask you, Simplicio, whether you 
think this author took these thirteen observers for clever 
men, intelligent and dextrous in handling their instru- 
ments, or for inexpert bunglers? 
S1mMp. He must have considered them very acute and in- 
telligent, for if he had thought them unfit for their work he 
would have been condemning his own book as inconclu- 
sive, being based upon assumptions full of errors. And he 
would have made us out as much too simple, if he had 
thought he could persuade us by means of their inexpert- 
ness to take a false proposition for true. 
SALV. Then these observers being capable, and having 
erred for all that, and their errors needing to be corrected 
in order for us to get the best possible information from 
their observations, it will be appropriate for us to apply the 
minimum amendments and smallest corrections that we 
can—just enough to remove the observations from impos- 
sibility and restore them to possibility. So that, for exam- 
ple, if one can modify an obvious error and a patent 
impossibility in one of their observations by adding or 
subtracting two or three minutes, rendering it possible by 
such a correction, then one ought not to adjust it by adding 
or subtracting fifteen, twenty, or fifty minutes. 
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Simp. I do not believe that the author would deny this; for 
granted that these were wise and expert men, one must be- 
lieve that they would be more likely to err little than much. 
SALV. Next note this. Of the various locations where the 
star is placed, some are obviously impossible and others 
are possible. It is absolutely impossible that it was infinitely 
higher than the fixed stars, for there is no such place in the 
universe; and if there were, a star placed there would be 
invisible to us. Also it is impossible that the star went 
creeping along the surface of the earth, much less that it 
was inside the very body of the earth. The possible places 
include those which are in question, there being nothing 
repugnant to our minds in a visible starlike object being 
above the moon, any more than beneath it. 

Now when one attempts to deduce what its true place 
was, by observations and calculations made with as much 
accuracy as human diligence can achieve, one finds that 
the majority of these calculations place it an infinite dis- 
tance beyond the fixed stars, whereas some have it close to 
the earth’s surface, and some even beneath the surface. 
And of the others which give it places that are not impos- 
sible, none are in agreement among themselves. Thus it is 
proper to call all the observations erroneous, so that if we 
wish all this labor to bear any fruit, we must be reduced to 
correcting and amending all the observations. 

StMe. But the author will say that one ought to make no 
use at all of those observations which imply the star to 
have been in impossible positions, these being infinitely 
mistaken and fallacious; that one should accept only those 
which put it in places which are not impossible. He would 
say that only among the latter, using the most probable and 
most numerous data, should one seek, if not for the exact 
and specific position (that is, its true distance from the cen- 
ter of the earth), at least to find out whether it was among 
the elements or among the celestial bodies. 

SALV. The reasoning you have just given is exactly what 
the author has put forth in favor of his case, but with too 
unreasonable a disadvantage to his opponents; and this is 
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the principal point which has made me marvel above all at 
the excessive confidence he has placed no less in his own 
authority than in the blindness and carelessness of the as- 
tronomers. I shall speak on this, and do you answer on be- 
half of the author. 

First I ask you whether astronomers, in observing with 
their instruments and seeking, for example, the degree of 
elevation of the star above the horizon, may deviate from 
the truth by excess as well as by defect; that is, erroneously 
deduce sometimes that it is higher than is correct, and 
sometimes lower? Or must the errors be always of one 
kind, so that when they err they are always mistaken by an 
excess, or always by a defect and never by an excess? 
Simp. I do not doubt that they are equally prone to err in 
one direction and the other. 

SALV. I believe the author would say the same. Now, of 
these two kinds of error, which are opposite and into 
which the observers of the new star may equally have run, 
_ one kind when applied to the calculations will render the 
star higher than it should be, and the other lower. And 
since we are already agreed that all the observations are 
erroneous, what is the reason for this author wanting us to” 
accept those which show the star to have been close as 
being more congruous with the truth than those others 
which show it to have been exceedingly remote? 
SiMP. Judging by what I have got from what has been said 
up to this point, I do not see that the author rejects those 
observations and estimates which might make the star 
more distant than the moon, or even than the sun, but only 
those which would make it more than an infinite distance 
away, as you yourself have put the matter. This distance 
you also reject as impossible, and he accordingly passes 
over such observations as being convicted of infinite false- 
hood and impossibility. Thus it seems to me that if you 
want to refute the author you ought to produce more exact 
investigations, or more numerous ones, or by more careful 
observers, which place the star at such-and-such a distance 
above the moon or above the sun, at a place where it is en- 
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tirely possible for it to be—just as he produces these 
twelve which all place the star beneath the moon in places 
which exist in the universe and are possible for the star. 
SALV. Oh, but Simplicio, right here is your equivocation 
and the author’s—yours in one regard, and his in another. 
I see from your way of talking that you have the idea that 
the anomalies (esorbitanze) created in establishing the dis- 
tance of the star increase in proportion to the instrumen- 
tal errors made in the observations, and conversely that 
from the size of the anomalies one may deduce the size of 
the errors. Thus if it is said that from such observations the 
distance of the star is implied to be infinite, you believe the 
errors of observation must necessarily have been infinite, 
and therefore not subject to correction and accordingly to 
be rejected. The case is quite otherwise, my dear Simpli- 
cio. On account of your hot having understood how mat- 
ters do stand, I excuse you, as one untrained in such 
matters, but I cannot cloak the author’s error under the 
same veil. He, pretending not to know this, and persuading 
himself that we would really not understand it, hoped to 
make use of our ignorance for boosting the stock of his 
doctrine among the multitude of the ill-informed. There- 
fore, for the information of those who are more credulous 
than well-informed, and to rescue you from error, know 
that it may be (and it happens more often than not) that an 
observation which gives you the star at the distance of Sat- 
urn, for example, with the addition or subtraction of a sin- 
gle minute of elevation to that taken by the instrument, 
will send the star to an infinite distance, and thus take it 
from the possible to the impossible. Conversely, in these 
calculations made from the observations which would put 
the star infinitely distant, the addition or subtraction of 
one single minute would often restore it to a possible loca- 
tion. And while I say one minute, a correction of one-half 
that, or one-sixth, or less may suffice. 

Now fix it well in mind that at very remote distances 
like that of Saturn or of the fixed stars, the most trifling er- 
rors made by the observer with his instrument will change 
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the location from finite and possible to infinite and impos- 
sible. It does not happen thus with distances that are sub- 
lunar, and close to the earth, where it may happen that an 
observation which implies the star to be, for instance, four 
radii distant, may beincreased or decreased not merely by 
one minute but by ten, or a hundred, or even more, with- 
out the calculation rendering the star not only not infi- 
~nitely distant but not even farther than the moon. From 
this you may see that the size of the instrumental errors, so 
to speak, must not be reckoned from the outcome of the 
calculation, but according to the number of degrees and 
minutes actually counted on the instrument. Those obser- 
vations must be called the more exact, or the less in error, 
which by the addition or subtraction of the fewest minutes 
restore the star to a possible position. And among the pos- 
- sible places, the actual place must be believed to be that in 
which there concur the greatest number of distances, cal- 
culated on the most exact observations. 

SIMP. I am not so sure of what you say, nor do I myself 
understand how it could happen that in the largest dis- 
tances a greater anomaly could result from an error of a 
single minute than could result from ten or a hundred in 
small distances. But I should be glad to learn. 

SALY. You may see it, if not theoretically at least practi- 
cally, from this brief abstract which I have made of all the 
combinations and of part of the estimates left out by this 
author, which I have calculated and entered upon this 
same sheet. 

_SAGR. Then from yesterday until now, in the mere eigh- 
teen hours which have passed, you must have done noth- 
ing but calculate without stopping to eat or sleep. 

SALV. No, I have done both. I make such calculations very 
speedily, and the truth of the matter is that I was much as- 
tonished to see how this author goes to such lengths, and 
puts in so many computations which are not in the least 
necessary to the question which he is examining. And for a 
full knowledge of this, as well as to make it quickly appar- 
ent that from the observations of the astronomers which 
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this author uses it may be deduced with more probability 
that the new star was above the moon (and even above the 
planets, among the fixed stars or higher), I have copied on 
this page all the observations noted by this same author, 

_made by thirteen astronomers, setting down the polar ele- 
vations and the meridian altitudes of the star, both the 
minima below the pole and the maxima above it. They are 
as follows: 


TYCHO. 


Altitude of the pole 55° 58’ 

Altitude of the star 84° 0’ maximum 
27° 57° minimum 

And these are from 

the first paper, but 

from the second the 


minimum is 27 457 
HAINZEL. 
Polar altitude 48° 22’ 
Altitude of the star 76° 34’ 20°° 9” 40” 
76° 33° 45" 20" S30" 
16 35. 20° 9 20" 
PEUCER AND SCHULER. THE LANDGRAVE. 
Polar altitude io ones 3 Polar altitude a 
Altitude of the star 79° 56’ Altitude of the star 79° 30’ 
PID Bee P36 Oe 
CAMERARIUS. 
Polar altitude SV date 3s 


Altitude of the star 80° 30’ 24° 28’ 
50 eee a) (ie 
50 or 24 yy” 
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HAGEK. URSINUS. 
Polar altitude aa eo” Polar altitude 49° 24’ 
Altitude of the star 20° 15’ Altitude of the star 79° 
Dee 
MUNOZ. 7 MAUROLYCUS. 
Polar altitude 39° 30’ Polar altitude 38° 30’ 
Altitude of the star 67° 30’ Altitude of the star 62° 
11° 30’ 
GEMMA. BUSCH. 
Polar altitude sO" 50)” Polar altitude Whee 
Altitude of the star 79° 45’ Altitude of the star 79° 20’ 
22° 40’ 
REINHOLD. 
Polar altitude wi tS 
Altitude of the star 79° 30’ 
232 ih 


Now, in order to see my entire method, let us begin 
with these five calculations which were omitted by the au- 
thor—perhaps because they went against him, since they 
place the star above the moon by many terrestrial radii. 
This is the first of them, calculated on observations by the 
Landgrave of Hesse and by Tycho, who by the author’s 
own admission are among the most exact of the observers. 
In this first one, I shall explain the order which I follow in 
_ my researches, giving you information which will serve for 
all the others, since they go according to the same rule, 
varying in nothing except the data given. The data consist 
of the number of degrees of polar elevation and of alti- 
tude of the new star above the horizon, from which one 
seeks its distance from the center of the earth in terms of 
terrestrial radii. In this matter it is of no consequence how 
many miles are involved; solving for the distances in miles 
between the places from which the observations were 
made, as this author does, is a waste of time and effort. I do 
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not know why he has done it, especially when he ulti- 
mately reconverts miles into terrestrial radii. 

SiMP. Maybe he did so in order to find the distance of the 
star down to smaller measures and such fractions of them 
as a few inches. Those of us who do not understand your 
arithmetical rules are amazed to hear the results when we 
read, for instance: “Therefore the comet, or the new star, 
was distant from the center of the earth three hundred 
seventy-three thousand, eight hundred and seven miles, 
and two hundred eleven four-thousand-and-ninety- 
sevenths (373,807"'47).” From such painstaking precision 
as this, in which these minutiae are noted, we get the im- 
pression that it would be simply impossible for you, who 
take account in your calculations of a mere inch, to de- 
ceive us in the end by a hundred miles. 

SALV. Your reasoning and your excuse for him would be 
appropriate if, in a distance of thousands of miles, one 
yard more or less were of any moment, and if the assump- 
tions which we take as true were so certain as to assure us 
that we would in the end deduce an indubitable truth. But, 
as you see here in the author’s twelve computations, the 
distances of the star which are deduced differ from one an- 
other (and are therefore wide of the truth) by many hun- 
dreds and thousands of miles. Now when I am quite sure 
that what I seek must necessarily differ from correctness 
by hundreds of miles, why should I vex myself with calcu- 
lations lest I miss one inch? 

But let us get down to the operations, which I perform 
in the following way. Tycho, as is seen in the note, observed 
the star at a polar altitude of 55° 58’, and the polar altitude 
of the Landgrave was 51° 18’. The height of the star at the 
meridian, as taken by Tycho, was 27° 45’; the Landgrave 
found it to be 23° 3’. These altitudes are set down together 
in this way: 


Tycho Peley55° 58a Stan 27° 456 
The Landgrave Pole 51° 18’ Star 23° 3’ 
This done, I subtract the 
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lesser from the greater, 

and there remain these 

differences, as below: 4° 40’ 4° 42’ 
Parallax 2’ 


where the difference in polar altitudes, 4° 40’, is less than 
the difference in altitudes of the star, 4° 42’; and therefore 
there is a difference in parallax of 2 minutes. 

These things determined, take the author’s own figure 
in which the point B is the position of the Landgrave, D is 
that of Tycho, C the position of the star, A the center of 
the earth, ABE is the vertical line at the Landgrave’s sta- 
tion, ADF is that at Tycho’s, and the angle BCD is the par- 
allactic difference. 

Since the angle BAD included between the two verti- 
cals is equal to the difference of the polar altitudes, it will 
be 4° 40’, and I note it sepa- 
rately here. I then find the chord 
of this from a table of arcs and 
chords, and set that down next 
to it; it is 8,142 parts where the 
radius AB is 100,000. Then I 
easily find the angle BDC, be- 
cause half the angle BAD, 
which is 2° 20’, added to a right 
angle, gives the angle BDF as 
92° 20’. Add to this the angle 
CDF, which is the deviation from the vertical of the 
greater altitude of the star, in this case 62° 15’, giving the 
size of the angle BDC as 154° 45’. This I set down together 
with its sine, taken from the table, which is 42,657, and 
under this I note the angle of peeeailets BCD, 2 minutes, 
with its sine, 58. 


Fic. 18 
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Angle BAD 4° 40’, __ its chord, 8,142 parts 
where the 

radius AB is 100,000. 
BDF 92° 20’ | 


BDC 154° - sines 42057 
BCD Oem 58 
58 42657 ~—«8142 
8142 
85314 
170628 
42657' 
341256 : 
58) 347313294 (59 
571 
5 


Ys, 
ry 


And since in the triangle BCD, the side DB is to the side 
BC as the sine of the opposite angle BCD is to the sine of 
the other opposite angle BDC, then if the line BD were 58, 
BC would be 42,657. Now since the chord DB is 8,142 
when the radius is 100,000, and we are trying to find out 
how many of these same 100,000 parts make up BC, let us 
say, by the Rule of Three: If, when BD is 58, BC:is 42,657, 
then if the same DB were 8,142, how much would BC be? 

Therefore I multiply the second term by the third, and 
get 347,313,294; this must be divided by the first, or by 58; 
the quotient will be the number of parts in the line BC 
when the radius is 100,000 parts. And to find how many 
radii BA the same line BC would contain, the same quo- 
tient would have to be again divided by 100,000, and we 
shall have the number of radii included in BC. Now the 
number 347,313,294 divided by 58 is 5,988,160 4, as may be * 
seen below: ; 


59881604 
58)347313294 
Seed 
eS 
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and this divided by 100,000 gives us 59% '%o0,000: 
1 | 00000 | 59 | 88160. 


We could somewhat shorten the operations, dividing 
the first product found (that is, 347,313,294) by the product 
of the two numbers, 58 and 100,000, thus: 


5800000 ) 3473 13294 ( 59 
571 
5 


and this likewise gives us 59*"°Ys00.00, That many radii are 
contained in the line BC, and adding one for the line AB 
will give us a little less than 61 radii for the two lines ABC. 
Therefore the distance from the center A to the star C is 
over 60 radii, which puts it above the moon by more than — 
27 radii as Ptolemy reckons, and by more than 8 according 
to Copernicus, assuming that the distance of the moon 
from the center of the earth according to the account of 
Copernicus himself is, as this author states, 52 radii. 

By this kind of investigation, from the observations of 
Camerarius and Muiioz I find the star to have been situated 
at a similar distance—that is to say, more than 60 radii. 
Here are these observations, followed by the computation. 


Polar Altitude of: Altitude of the star: 
Camerarius 52° 24’ 24° 28’ 
Mufioz 30° 30° 1 307 
Difference 12° 54’ Ditterence 12° 58° 

12° 54’ 


Parallactic difference (angle BCD) 0° 4’ 


BAD 12° 54’,anditschord 22466 
Angles {BDC 161° Pt — ae i 
BCD 0° 4’ 116 
Rule of Three 
22466 
116 30930 22466 
673980 


202 194 
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67398 ‘Distance BC: 
116 ) 694873380 (59 59 radii, almost 60. 
1144 
10 


The investigation below is based upon two observations 
by Tycho and Mufioz, from which the star is calculated to 
have been 478 or more radii distant from the center of the 


earth. 
Polar Altitude of: Altitude of the star: 
‘Tycho 5D” 58. 84° <0’ 
Munoz 39° 30° 67° 30° 
Difference 16° 28’ Difference 16° 30’ 
16° 26 
_ Parallactic difference (angle BGD) 0° 2’ 
BAD 16° 28’, and its chord 28640 
Angles ;BDC 104° 14’ ’ 96930 
BeD. 70° is mail 58 
Rule of Three 
58 96930 28640 
28640 
3877200 
58158 
77544 
19386 — 
58 Y 2776075200 ( 478 
4506 
5) 
This following investigation gives the star as more than 
358 radii distant from the center. 
Polar Some 51° 54’ Altitude of 79° 56° 
Altitude (Mufioz 39° 30’ the star 67° 30’ 
12° 24’ 26 
12° 24’ 


Oars 
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BAD 12° 24’, chord 21600 
BDC 106° 16’ : 95996 
BCD 0° i ae 58 
Rule of Three 
58 95996 21600 
21600 
57597600 
95996 
191992 
58 ) 2073513600 ( 357 
3339 
42 


Angles 


From this other investigation the star is found to be 
more than 716 radii distant from the center. 


Polar — Landgrave 51° 18’ Altitude of me” 30° 
Altitude ) Hainzel 48° 22’ the star 76° 33’ 45” 
2° 56s . Soe 
Tero 7 Oa 
; errr 15" 
BAD Panel Mie chord 5120 
Angles { BDC LOH? 58% : 97845 
: BCD eraioy * ie 7 
Rule of Three 
7 97845 5120 
5120 
1956900 
97845 
+489225 
7) 500966400 ( 715 
134 


These are, as you see, five investigations which range 
the star well above the moon. Now I want you to consider 
what I told you a little while ago; namely, that at great dis- 
tances a change—or I should say a correction—of a very 
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few minutes will move a star through an immense distance. 
For example, in the first of the above investigations, where 
the calculation puts the star 60 radii away from the center 
with a parallax of 2 minutes, those who wish to maintain 
that it was among the fixed stars need only correct the ob- 
servations by two minutes or less, for then the parallax 
vanishes or becomes so small as to place the star at an im- 
mense distance, such as everyone takes that of the firma- 
ment to be. In the second investigation, an amendment of 
less than 4 minutes does the like. In the third and fourth, as 
in the first, 2 minutes only will also place the star among 
the fixed stars. In the last, a quarter of a minute—15 sec- 
onds—will give the same result. 

But you will not find it so for the sublunar altitudes. For 
imagine any distance you please, and try to amend the in- 
vestigations made by the author to adjust them so that they 
all correspond with that definite distance, and you will dis- 
cover how much greater are the corrections which you will 
have to make. 

SAGR. It would not do any harm at all for our complete 
understanding of this if we were to see an example of what 
you are saying. ; 
SALV. Decide at your pleasure what the given sublunar 
distance shall be at which the star is to be located, for with 
little difficulty we can assure ourselves whether correc- 
tions like those which we have seen to be sufficient to put 
it back among the fixed stars would move it to the place 
decided upon by yourselves. 
SAGR. In order to pick the distance most favorable to the 
author, let us assume it to be that which is the greatest 
among all his twelve investigations. For if there is a dispute 
about it between him and the astronomers, and the latter 
assert the star to have been above the moon while he places 
it below, then even the smallest amount by which he proves 
it to be below will give him the victory. 
SALV. Let us accordingly take the seventh investigation, 
made upon the observations of Tycho and Thaddeus Hagek, 
by which the author finds the star to have been 32 radii dis- 
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tant from the center, this being the distance which is most 
favorable to his side. And to give him every advantage, I 
wish us to place it at the distance least favorable to the as- 
tronomers, which means putting it beyond the firmament. 

These things assumed, then, let us find out what correc- 
tions would be necessary to apply to the balance of his 
eleven investigations so as to raise the star up to the dis- 
tance of 32 radii..We shall commence with the first, com- 
puted on the observations of Hainzel and Maurolycus, in 
which the author finds the distance from the center to be 
about 3 radii, with a parallax of 4° 42’ 30”; now let us see 
whether it would be carried up to 32 radii by cutting this 
down to a mere 20 minutes. Here are the operations, which 
are very brief and quite exact. I multiply the sine of the 
angle BDC by the chord BD, and divide the product (ig- 
noring the last five digits) by the sine of the parallax. This 
gives 28% radii; so not even by a correction made by taking 
away 4° 22’ 30” from 4° 42° 30” is the star elevated to 32 
radii; this correction, for Simplicio’s information, is one of 
2624 minutes. : 


Hainzel © Pole 48° 22’ Star 76° 34’ 30” 
Maurolycus Pole 38° 30° Star 62° 
9o 552. 14° 34’ 30” 
O52" 
Parallax 4° 42’ 30° 
BAD 9° 52° chord 17200 
BOG pe lO87 Zin 0° sine 94910 
BCD 0° 20° sine 582 
94910 
17200 
18982000 
66437 
9491 
582 ) 1632432000 ( 28 
4688 


2 
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In the second calculation, made upon observations by 
Hainzel and Schuler, with a parallax of 8’ 30”, the star is 
found to be at a height of about 25 radii, as seen in the fol- 
lowing operations: 


BD “chord eine 97987 
EDC 97987 6166 
pcp} Sines 247 587922 
: 587922 
97987 
587922 
247) 604187842 ( 24 
1103 
1 


». 
‘ 


And reducing the parallax of 8’ 30” to 7’, whose sine is 
204, the star is raised to around 30 radii. Therefore a cor- 
rection of 1’ 30” is not enough. 


204 ) 604187842 ( 29 
1965 
12 


Now let us see what correction is needed for the third 
investigation, made upon the observations of Hainzel and 
Tycho, which puts the star approximately 19 radii high, 
with a parallax of 10 minutes. The usual angles and their 
sines and chord are shown as found by this author, and they 
imply the star to be about 19 radii distant, as in the author's 
calculations. Hence in erder to raise it, the parallax must 
be reduced according to the rule which he, too, observes in 
the ninth computation. Meanwhile let us assume the par- 
allax to be 6 minutes, the sine of which is 175. Having 
made this division, we find that the star is less than 31 radii 
distant. Therefore a correction of 4 minutes is too small 
for the author's needs. 
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BAD 7° 36° chord 13254 
Angles ;BDC 155° 52’ sine 40886 
BCD 0° 10’ sine 291 
13254 
40886 
79524 
106032 
106032 
53016 
291 ) 541903044 ( 18 175 ) 5419 ( 30 
2501 16 
18 


Let us go on with the fourth investigation and the re- 
maining ones by the same rule, using the chords and sines _ 
as found by the author himself. In this one the parallax is 
14 minutes, and the height established is less than 10 radii. 
Reducing the parallax from 14 minutes to 4 minutes, you 
see that the star is not raised up even to 31 radii in any case, 
so that a correction of 10 minutes out of 14 is not suffi- 
cient. 


BD chord 8142 43235 
BDC sine 43234 8142 
BCD sine 407 86470 
172940 

43235 

345880 

116 ) 352019370 ( 30 
4 


In the author’s fifth calculation we have the sines and 
chord as below: 


BD chord 4034 97998 
BDC sine 97998 4034 
BCD sine 1236 391992 
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293994. 
390092 
145 ) 395323932 ( 27 
1058 
3 


and the parallax is 42’ 30”, which implies an altitude of 
about 4 radii for the star. Correcting the parallax by reduc- 
ing it from 42’ 30” to merely 5’ does not suffice to raise it up 
even to 28 radii, so an amendment of 37’ 30” is too little. 

Here are the chord, the sines, and the parallax in the 
sixth computation: 


BD chord 1920 40248 
BDC sine 40248 1920 
' BCD 8’ sine 233 804960 
362232 
40248 
29 ) 77276160 ( 26 
198 
1 


and the star is found to be about 4 radii above the earth. 
Let us see what this becomes by reducing the parallax 
from 8 minutes to only one. Look at the calculation, with 
the star not even raised to 27 radii; hence it is insufficient 
to correct this by 7 minutes out of 8. 

In the eighth calculation the chord, the sines, and the 
parallax, as you see, are these: 


BD chord 1804 36643 
BDC. sine 36643 1804 
BCD sine 29 146572 
293144 
- 36643 
29 ) 66103972 ( 22 
83 


2 
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_ and from this the author calculates the height of the star at 
14 radii, with a parallax of 43 minutes, which when re- 
duced to 1 minute still leaves the star less than 24 radii dis- 
tant. So a correction of 42 minutes is inadequate. 

Now let us look at the ninth. Here are the chord, the 
sines, and the parallax—which is 15 minutes. From these 
the author calculates that the star is separated from the 
surface of the earth by less than one forty-seventh of a ra- 
dius. But this is an error of calculation, for as we shall see 
_ In a moment, it really comes out as more than one-fifth. 
See here: it is about °%:, which is greater than ¥. 


BD chord 232 39046 
BDC sine 39046 232 
BCD sine 436 78092 
117138 
78092 


436 ) 9038672 
| 


What the author next remarks is quite true—that to 
correct the observations it is not sufficient to reduce the 
parallactic difference either to a single minute, nor even to 
the eighth part of a minute. But I can tell you that a differ- 
ence as small as the tenth part of a minute would not re- 
store the altitude of the star to 32 radii; for the sine of 
one-tenth of one minute (i.¢., of 6 seconds) is 3. This, if di- 
vided into 90 according to our rule—or I should say, if we 
divide 9,058,762 by 300,000—becomes 30°*’co,0v0; that is, a 
little more than 307% radii. 

The tenth gives the height of the star as one-fifth of one 
radius, with these angles and sines, and a parallax of 4° 30’. 
This could, I see, be reduced from 4% degrees to 2 minutes 
without promoting the star up to 29 radii. 


BD chord 1746 1746 
BDC sine 92050. 92050 
BCD 4° 30’ sine 7846 87300 
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The eleventh makes the star some 13 radii away for this 
author, with a parallax of 55 minutes. Let us see where it 
will take the star if we reduce this to 20 minutes. Here is 
the computation; it elevates the star to a little less than 33 
radii, so the correction would be somewhat less than 35 


3492 
oy 14 


58 ) 160719300 ( 27 


44] 
4 


minutes out of 55. 


BD 
BDC 
BED 557 


The twelfth, with a parallax of 1° 36’, implies the star to 
be less than 6 radii high. Reducing the parallax to 20 min- 
utes takes the star to a distance of less than 30 radii; there- 


chord » 19748 
sine 96166 
sine 1600 


96166 
19748 
769328 
384664 
673162 
865494 
96166 


582 ) 1899086168 ( 32 


1536 
36 


fore a correction of 1° 16’ is not enough. 


BD 
BDC 


BCD "1336: 


chord 17257 17258 
sine 96150 96150 
sine 2ige 862900 
17258 
103548 
S327 


582 ) 1659356700 ( 28 


4057 
Me, 
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These are the corrections of the parallaxes in the ten 
estimates by the author to replace the star at an altitude of 
32 radii: 


Degrees Minutes Seconds Degrees Minutes Seconds 

4 pe ~ 30 out of 4 42 30 

0 4 0 out of 0 10 0 

0: 10 0 out of Om 14 0 

0 oy 30 out of 0 42 30 

0 7 0 out of 0 8 0 

0 42 0 out of 0 43 0 

0 14 - 50 out of 0 15 0 

4 28 0 out of 4. 30 0 

0 35 0 out of 0 yo. 0 

1 16 0 ‘outof ss 36 0 
9 216 9 296 
x60 = 540 x60 = 540 
756 836 


From this it is seen that in order to move the star to an 
altitude of 32 radii we must subtract 756 from the total of 
836 minutes of parallax, reducing this to 80—and even 
these corrections are insufficient. 

Hence you may see (as I noted almost at once) that if 
the author should decide he wanted to take the distance of 
32 radii for the true height of the star, then the correction 
of the above ten estimates (ten, because the second calcu- 
lation we made was also very high, and restored the alti- 
tude to 32 radii with only 2 minutes of correction), in 
order to make them all restore the star to that distance, 
would require such a reduction of parallaxes as to amount 
to more than 756 minutes in all the subtractions together. 
But in the five which I calculated and which imply the star 
to have been beyond the moon, 10% minutes correction 
alone is enough to adjust them so that all place the star in 
the firmament. Now, in addition to these, there are five 
more investigations which imply the star to be precisely 
among the fixed stars without any correction, making ten 
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computations which agree in placing it in the firmament 
with merely the correction of five of them by 10% minutes, 
as we have seen; whereas in order to adjust ten of the au- 
thor’s computations, amendments of 756 minutes out of 
836 are required to raise the star to a height of 32 radii. 
That is, if you want the star to have a distance of 32 radii, 
it is necessary to subtract 756 minutes from the total of 
836, and even that correction is not sufficient. 

Now for the investigations which render the star devoid 
of parallax directly and without any correction, and which 
thus place it in the firmament and even in the most distant 
part of this (in a word, as high as the very pole), here are 


these five: 

Polar Altitude Star Altitude 

Camerarius 52° 24’ 80° 26’ 

Peucer 51° 54’ oe 56" 
02330" Oe 30° = 

The Landgrave as: 79°" 306 

Hainzel 48° 22’ 76° 34’ 

2° 56° 22256" 

Tycho 55° 48° 84° 

_ Peucer 51° oe 7O2M56e 

AP aie 4° 4’ 

Reinhold Sooner 79° 30’ 

Hainzel 48° 22’ 76° 34’ 

22 GE 22056" 

Camerarius 52° 24% 24° 17’ 

Hagek 48° 22’ PAS a kote 


4° 2 4° 2’ 


Of the remaining combinations that can be made of ob- 
servations taken by all these astronomers, those which 
imply the star to be infinitely high are much more numer- 
ous—about thirty more—than those which upon calcula- 
tion place the star beneath the moon. Now, as we agreed, it 
is plausible that the observers are more likely to have erred 
little than much, and it is obvious that the corrections to be 
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applied to observations which give the star as at an infinite 
distance will, in drawing it down, bring it first and with 
least amendment into the firmament rather than below the 
moon. Hence everything supports the opinion of those 
who place it among the fixed stars. Moreover, the correc- 
tions needed for this amendment are much smaller than 
those by which the star may be moved from an improbable 
proximity up to an altitude more favorable to this author, 
as has been seen from the previous examples. 

Among those of impossible proximity are the three by 
which the star seems to be separated from the center of the 
earth by a distance of less than one radius, making it move 
around subterraneously, so to speak. Such are the combi- 
nations in which the polar altitude of one of the observers 
is greater than that of the other, while the elevation of the 
star as taken by the former is less than that taken by the lat- 
ter; they are the combinations recorded below. The first is 
that of the Landgrave combined with Gemma’s, where the 
Landgrave’s polar altitude is 51° 18’, greater than the polar 
altitude of Gemma, which is 50° 50’, while the altitude of 
the star for the Landgrave, 79° 30’, is less than that of the 
star for Gemma, 79° 45’. 


Polar Altitude Star Altitude 
The Landgrave Sh 2d 8’ FEE 30° 
Gemma SURO" 79° 45’ 


The other two are those below: 


Busch Fae A 
Gemma 50° as Oi 79° 45’ 
_ Reinhold cl as: ee TIME’ 
- Gemma 50° 450° 79° 45° 


From what I have shown you up to this point, you can 
see how unfavorable to the author’s case is this first method 
of his for investigating the distance of the star and proving 
it to be sublunar, and how much more clearly and with 
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how much greater probability it is implied that the dis- 
tance of the star placed it in the most remote heavens. 
SIMP. The ineffectiveness of this author’s proofs thus far 
seems to me to have been very clearly exposed. But I see 
that all this takes up only a few pages of his book, and it 
may be that other arguments of his are more conclusive 
than these first ones. 

SALV. Rather, they can only be less valid, if we take what 
has gone before as a sample of what is left. For it is obvious 
that the uncertainty and inconclusiveness of the former 
are clearly the result of errors committed in instrumental 
observations, which he assumed to permit polar elevations 
and the altitude of the star to be precisely taken, whereas 
in fact all of them may easily be wrong. Astronomers have 
had centuries in which to take the elevation of the pole at 
their leisure, and the meridian altitudes of a star are the 
simplest ones to observe, as they are very definite; more- 
over, they allow the observer plenty of time to proceed 
with them, for they do not perceptibly change in a brief in- 
terval as do altitudes remote from the meridian. 

Now if this is the case (and it most certainly is), what 
faith can we have in calculations founded upon observa- 
tions which are more numerous, more difficult to make, 
more capricious in their variation, and on top of all this are 
made with less convenient and more unreliable instru- 
ments? From just the glance that I have given to the ensu- 
ing proofs, the observations are taken upon the altitudes of 
stars in the various vertical circles, which are known by the 
Arabic term azimuths. In such observations, one makes use 
of instruments that are movable not only in vertical cir- 
cles, but also in horizontal ones at the same time, so that 
one must have observed, at the same time that the altitude 
was taken in the vertical one, the distance of the star from 
the meridian in the horizontal one. Moreover the opera- 
tion must be repeated after a considerable interval of time, 
and careful track must be kept of the elapsed time, trusting 
either to clocks or to other observations of the stars. 

It is that kind of a web of observations that he next goes 
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about comparing with another one like it, made by a dif- 
ferent observer in a different country with different in- 
struments and. at different times. From this, the author 
attempts to deduce the altitude of the star and its horizon- 
tal latitudes at the same moments of time as the first ob- 
servations; and ultimately he bases his calculations upon 
such adjustments. Now I leave it to you to judge how much 
confidence may be placed in deductions made from such 
methods of investigation. 

Besides, I have no doubt that if anyone wished to suffer 
through such long calculations he would find, just as be- 
fore, that there were more which favored the opposing side 
than the author’s. But this does not seem to me worth the 
trouble for a matter which is not of prime interest to us in 
any case. 

SAGR. I share your opinion in this. But if the matter is sur- 
rounded with so much confusion, uncertainty, and error, 
how does it happen that so many astronomers have so con- 
fidently declared the new star to have been very remote? » 

SALV. Either of two sorts of observations, both very sim- 
ple, easy, and correct, would be enough to assure them of 
the star being located in the firmament, or at least a long 
way beyond the moon. One of these is the equality—or 
very slight disparity—of its distances from the pole when 
at its lowest point on the meridian and at its highest. The 
other is that it remained always at the same distance from 
certain surrounding fixed stars; especially * Cassiopeiae, 
from which it was less than one and one-half degrees ‘dis- 
tant. From these two things it may unquestionably be de- 
duced that parallax was either entirely lacking, or was so 
small that the most cursory calculation proves the star to 
have been a great distance from the earth. 

SAGR. But didn’t the author know about these things? And 
if so, what did he have to say in his own defense? 

SALV. When a person finds no defense to be of any avail 
against his mistake and produces a frivolous excuse, people 
say that he is reaching for ropes from the sky. This author 
grasps not at ropes, but at spiderwebs from the sky, as you 
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will plainly see upon examining these two points just men- 
tioned. 

First, as to what is shown by the observed polar dis- 
tances one by one, I have noted these down in these brief 
calculations. For complete understanding, I should first in- 
form you that if the new star, or some other phenomenon, 
is close to the earth and is turning in the diurnal motion 
about the pole, it will show itself more distant from the 
pole when it is below the pole on the meridian than when 
above it. This is seen in the next diagram, in which the 
point T denotes the center of the earth, O the place of 
the observer; the arc of the firmament is marked VPC, the 
pole, P. The phenomenon, moving on the circle FS, is seen 
at one time beneath the pole along the ray OFC, and at an- 
other above it along the ray OSD. Hence its places as seen 
against the firmament are D and C, but the true places 
with respect to the center T are B and A, equally distant 
from the pole. From this it is obvious that one apparent 
place of the phenomenon S (that is, the point D) is closer 
to the pole than the other apparent place, C, seen along the 
ray OFC. And this is the first point to be noted. 

In the second place you must notice that the amount by 
which its apparent lower distance from the pole exceeds its 
apparent upper distance from the pole is greater than is its 
lower parallax. By this I 
mean that the excess of the 
arc CP (lower apparent dis- 
tance) over the arc PD 
(upper apparent distance) is 
greater than the arc CA 
(which is the lower parallax). 
This is easily deduced, since 
the arc CP must exceed the 
arc PD more than it does PB, 

Fic. 19 PB being greater than PD. 

But PB is equal to PA, and 

the excess of CP over PA is the arc CA. Therefore the ex- 
cess of the arc CP over the arc PD is greater than the arc 
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‘CA, which is the parallax of the phenomenon assumed to 

be at F; and that is what was required to be known. And to 
' give every advantage to the author, we shall assume the 
parallax of the star at F to be the entire excess of the arc 
CP (that is, the distance below the pole) over the arc PD 
(the upper distance). 

Now I come to the examination of what is implied by 
the observations of all the astronomers cited by the author, 
among which there is not one that does not work out 
against him and his purposes. First let us take this one by 
Busch, which finds the distance of the star from the pole 
when it is above to be 28° 10’, and when underneath, 28° 
30’, so that the excess is 20 minutes, which (to the author’s 
advantage) we shall take as if it were the parallax of the 
star at F; that is, the angle TFO. Then the distance from 
the zenith, that is, the arc CV, is 67° 20’. These two things 
found, produce the line CO and let fall the perpendicular 
TI upon it, and let us consider the triangle TOI, of which 
the angle J is a right angle. And angle IOT is known, from 
being opposite angle VOC, the distance of the star from 
the zenith. Furthermore the angle F is known, triangle 
TIF being a right triangle; and this is taken to be the par- 
allax. Hence we set down here the two angles IOT and 
IFT, and take the sines of these, which are as you see them 
noted. 

Now since in the triangle IOT the sine of angle IOT 
gives TI as 92,276 where TO as a whole is 100,000, and 
moreover in triangle IFT the sine of angle IFT gives TI as 
582 when TF as a whole is 100,000, let us say by the Rule 
of Three: If TI is 582, TF is 100,000; but if TI were 92,276, 
what would TF be? 

We multiply 92,276 by 100,000 and get 9,227,600,000, 
and this is to be divided by 582, which comes out, as you 
see, 15,854,982; and that would be the length of TF if the 
length of TO were 100,000. So to find out how many lines 
TO there are in TF, we divide 15,854,982 by 100,000, and 
there would be approximately 158%; that is how many radii 
distant the star F will be from the center T. And to shorten 
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the operations, seeing that the product of multiplying’ 
92,276 by 100,000 has to be divided first by 582, and then 
the quotient by 100,000, we can get the same result by di- 
viding the sine 92,276 by the sine 582, without any multi- 
plication of 92,276 by 100,000. This is seen below, where 
92,276 divided by 582 is this same 158% approximately. 
Thus let us keep it in mind that merely the division of TI 
considered as sine of the angle TOI, by TI considered as 
sine of the angle IFT, gives us the required distance TF in 
terms of the radius TO. 


reer Ke 67° - <i — 
IFT 20’ 582 15854982 
* 582 ) 9227600000 
am TF TI TF 3407002246 
582 100000 92276 > 49297867 
. 325414 


100000 ) 158354982 
582 ) 92276 ( 158 
34070 
492 
3 


Now see what the observations of Peucer give us. In 
these, the distance underneath the pole is 28° 21’, and the 
distance above is 28° 2’; the difference is 19 minutes, and 
the distance from the zenith is 66° 27’. From these data the 
distance of the star from the center is deduced to be almost 


166 radii. 
Pree fis 66° ve = 
oe line 19’ 553 


553 ) 91672 ( 165%ss 
36397 
312 : 
4 
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Here is what is shown by taking 
‘those observations of Tycho which , 
are most favorable to the opponent, 
that is, the lower distance from the 
pole is 28° 13’, and the upper 28° 2’, 
leaving the entire difference of 11 
minutes .as if it were all parallax. 
The distance from the zenith is 62° 
15’. And below is the calculation; the distance of the star 

from the center is found to be 276% radii. 


Fico. 19a 


ae (ae 62° in oe fas 
poke... Ee ye 320 
320 ) 88500 ( 276% 
2418 
21 


The observations of Reinhold, which follow, yield a dis- 
tance of the star from the center as 793 radii. ° 


es _ 66° | ae — 
Pine 4’ 116 
116) 92026 ( 793% 
10888 
33 


From the following observations of the Landgrave, the 
distance of the star from the center is 1,057 radii. 


nae pre 66° ~ pete aa 
TE Sata CG sietgh til 87 
87 ) 92012 ( 1057% 

5663 

5 


365 


6 - The Third Day 


Taking from Camerarius those two of his observations 
which are most favorable to the author, we find the dis- 
tance of the star from the center to be 3,143 radii. 


~, es 65° ni _ oes 
ne aliog 1" 29 
29 ) 91152 ( 3143 
4295 
I 


‘The observations of Mujioz give no parallax, and there- 
fore place the new star among the highest fixed stars. 
Those of Hainzel make’ it infinitely distant, but with the 
amendment of one-half minute they would place it among 
the fixed stars; the same would be implied by those of 
Ursinus with a correction of 12 minutes. There are no dis- 
tances above and, below the pole given by the other as- 
tronomers, so nothing can be deduced there. You see now 
how all these observations agree against the author, by 
placing the star in the highest celestial regions. 

SAGR. But what is his defense against so patent a contra- 
diction? 

SALV. One of those weakest filaments: He says that the 
parallaxes have become diminished because of refraction 
which, operating contrary to them, elevates the phenom- 
ena whereas parallaxes lower them. Now just how much 
use this miserable refuge is, you may judge from the fact 
that if refraction had as great an effect as some as- 
tronomers have suggested in recent times, the most that it 
could do to raise the true position of a phenomenon al- 
ready twenty-three or twenty-four degrees above the hori- 
zon would be to diminish the parallax about three minutes 
of arc. This adjustment is much too small to pull the star 
down below the moon, and in some cases it gives him less 
advantage than does our concession in admitting that the 
entire excess of the distance below the pole as compared 
with that above it is due to parallax. And this advantage is 
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a much clearer and more palpable thing than the effect of 
refraction, the amount of which I question, and not with- 
out reason. 

Moreover, I would ask this author whether he believes 
that the astronomers whose observations he uses would 
have known of this effect, and whether they would have 
taken it into consideration. If they knew of it and consid- 
ered it, one may reasonably believe that they took it into 
account in assigning the true elevation of the star, reduc- 
ing the degrees of altitude shown on their instruments to 
the extent required by alterations due to refraction, so that 
the distances they announced were correct and exact, and 
not merely apparent and false. But if he believes that such 
authors did not reflect upon the matter of refraction, he 
ought to confess that they likewise erred in their determi- 
nations of all those things which cannot be completely ad- 
justed without allowance for refraction, among which is 
the exact determination of the polar altitude. This is com- 
monly derived from the two meridian altitudes of certain 
fixed stars which are always visible. Such altitudes would 
be altered by refraction in precisely the same way as would 
that of the new star, so that the polar altitude deduced 
from these would be defective, and would share in the 
same defect that this author ascribes to the altitudes as- 
signed to the new star; that is, both the former and the lat- 
ter would be higher than actual, with equal error. Now 
such an error, so far as it concerns our present subject, does 
not prejudice it in any way. For since we need no more 
than to know the difference between the two distances of 
the new star from the pole when seen above the pole and 
below it, we can plainly see that this difference would re- 
main the same, assuming a common alteration due to re- 
fraction for the star and for the pole which would affect 
both the former and the latter. 

The author’s argument would be of some importance, 
though not much, if he had ascertained that the height of 
the pole had been assigned precisely and corrected for the 
error due to refraction, against which error the same as- 
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tronomers had then neglected to guard themselves in as- 
signing the altitude of the new star. But he has not assured 
us of this, and perhaps could not have done so, nor perhaps 
(and this is more likely) was such a precaution ignored by 
the observers. 
SAGR. This objection seems to me to be more than ade- 
quately nullified. But tell me how he frees himself from 
that of the star having always kept the same distance from 
the surrounding fixed stars. 
S ALV. He grasps similarly at two threads, still weaker than 
the first, one of which is still tied to.refraction but even less 
firmly. For he says that refraction, altering the true site of 
the new star and making it appear higher, operates so as to 
make uncertain its apparent distances from the neighbor- 
_ing fixed stars with which it is compared. I cannot suffi- 
ciently marvel at the way he pretends not to know that the 
same refraction operates in the same way upon the new 
star as upon the old ones near to it, raising them both 
equally, whence the interval between them remains unal- 
tered. 

The other refuge he takes is still more miserable and 
contains something of the ridiculous, being based upon ' 
the possible occurrence of errors in the instrumental ob- 
servations themselves because the observer is not able to 
place the center of the pupil of his eye at the pivot of the 
sextant (an instrument used for observing intervals be- 
tween two stars). Holding it out from that point by the dis- 
tance of the pupil from some bone or other of the cheek 
where he rests the head of the instrument, he thus forms at 
his eye a more acute angle than that formed by the sides of 
the sextant. And the angle formed by the rays also differs 
in itself when one looks at stars not much elevated above 
the horizon, and then later looks at the same stars when sit- 
uated at a great altitude. A different angle is made, says he, 
as one continues to elevate the instrument with one’s head 
held fixed. 

But if, in raising the sextant, the neck is bent back and 
the head is raised together with the instrument, the angle 
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would remain the same. Hence the author's remark as- 
sumes that in using the instrument the observers did not 
raise their heads as required, which is not very likely. But 
even supposing that this did happen, I leave it to you to 
judge what difference there could be between the vertex 
angles of two isosceles triangles of which the sides of one 
are each about four yards long, and those of the other four 
yards less the diameter of a lentil. Surely there can be no 
difference greater than this between the lengths of the two 
visual rays when a line falls vertically. from the center of 
the pupil on the plane of the limbs of the sextant, this line 
being no more than a thumb’s breadth in length, and the 
length of the same rays when, raising the sextant without 
elevating the head along with it, this line no longer falls 
perpendicularly on the said plane, but is inclined to it, 
making the angle in the direction of the scale somewhat 
acute. 

But to free the author once and for all from his unhappy 
and beggarly excuses, let him know (since it is clear that he 
has not had much practice in the use of astronomical in- 
struments) that along each side of a sextant or quadrant 
there are placed two sights, one at its center and the other 
at the opposite end, which are raised an inch or more from 
the plane of the limbs, and the line of vision is made to 
pass through the tops of those sights, the eye being held 
quite a way from the instrument—a span or two, maybe 
more—so that neither the pupil nor the cheekbone nor 
any other part of the person touches the instrument or 
rests upon it. Nor are these instruments held or raised by 
the arm, especially when they are large, as they generally 
are; weighing tens, hundreds, or even thousands of pounds, 
they are supported upon most solid bases. And thus the 
whole objection vanishes. 

These are the author’s subterfuges, which even if 
soundly constructed would not guarantee him the hun- 
dredth part of a single minute; yet he thinks he can make 
us believe that he has with their help offset a difference of 
more than a hundred minutes. J] mean that no perceptible 
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difference was noted in the distance between a fixed star 
and the new star during all their circulations, whereas if 
the nova had been as near as the moon, such a difference 
ought to have made itself quite conspicuous even to the 
naked eye without any instruments at all. When compared 
with % Cassiopeiae, which was within one and one-half de- 
grees of the new star, it should have strayed by more than 
two lunar diameters, as the more intelligent astronomers 
of those days were well aware. 

SaGR. This is as if I were watching some unfortunate 
farmer who, after having all his expected harvest beaten 
down and destroyed by a tempest, goes about with pallid 
and downcast face, gathering up such poor gleanings as 
would not serve to feed a chicken for one day. 

SALV. Truly, it was with too scant a store of ammunition 
that this author rose up against the assailers of the sky’s in- 
alterability, and it is with chains too fragile that he has at- 
tempted to pull the new star down from Cassiopeia in the 
highest heavens to these base and elemental regions. Now, 
since the great difference between the arguments of the 
astronomers and of this opponent of theirs seems to me to 
have been very clearly demonstrated, we may as well leave 
this point and return to our main subject. We shall next 
consider the annual movement generally attributed to the 
sun, but then, first by Aristarchus of Samos and later by 
Copernicus, removed from the sun and transferred to the 
earth. Against this position I know that Simplicio comes 
strongly armed, in particular with the sword and buckler 
of his booklet of theses or mathematical disquisitions. It 
will be good to commence by producing the objections 
from this booklet. 

SIMP. If you don’t mind, I am going to leave those for the 
last, since they were the most recently discovered. 

SALV. Then you had better take up in order, in-accordance 
with our previous procedure, the contrary arguments by 
Aristotle and the other ancients. I also shall do so, in order 
that nothing shall be left out or escape careful considera- 
tion and examination. Likewise Sagredo, with his quick 
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wit, shall interpose his thoughts as the spirit moves 
him... 
SAGR. Ishalldoso with my customary lack of tact; and since 
you have asked for this, you will be obliged to pardon it. 
SALV. This favor will oblige me to thank and not to par- 
don you. But now let Simplicio begin to set forth those ob- 
jections which restrain him from believing that the earth, 
like the other planets, may revolve about a fixed center. 
Simp. The first and greatest difficulty is the repugnance 
and incompatibility between being at the center and being 
distant from it. For if the terrestrial globe must move in a 
year around the circumference of a circle—that is, around 
the zodiac—it is impossible for it at the same time to be in 
the center of the zodiac. But the earth is at that center, as is 
proved in many ways by Aristotle, Ptolemy, and others. 
SALV. Very well argued. There can be no doubt that any- 
‘one who wants to have the earth move along the circum- 
‘ference of a circle must first prove that it is not at the 
center of that circle. The next thing is for us to see whether 
the earth is or is not at that center around which I say it 
turns, and in which you say it is situated. And prior to this, 
it is necessary that we declare ourselves as to whether or 
not you and J have the same concept of this center. There- 
fore tell me what and where this center is that you mean. 
.SIMP. I mean by “center,” that of the universe; that of the 
world; that of the stellar sphere; that of the heavens. 
SALV. I might very reasonably dispute whether there is in 
nature such a center, seeing that neither you nor anyone 
else has so far proved whether the universe is finite and has 
a shape, or whether it is infinite and unbounded. Still, con- 
ceding to you for the moment that it is finite and of 
bounded spherical shape, and therefore has its center, it re- 
mains to be seen how credible it is that the earth rather 
than some other body is to be found at that center. 
Simp. Aristotle gives a hundred proofs that the universe is 
finite, bounded, and spherical. 
SALV. Which are later all reduced to one, and that one to 


none at all. For if I deny him his assumption that the uni- 


It has not 
been proved 
by anyone 
so far 
whether the 
universe is 
finite or 
infinite. 
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Aristotle’s 
proofs that 
the universe 
is finite all 
collapse 
upon denial 
that it is 
movable. 


Aristotle 
makes cen- 
ter of the 
universe 
that point 
around 
which all 
celestial 
spheres ro- 
tate. 


It is asked 
which of 
two propo- 
sitions re- 
pugnant to 
his doctrine 
Aristotle 
would 
admit, if 
forced to 
accept one 
of them. 


verse is movable all his proofs fall to the ground, since he 
proves it to be finite and bounded only if the universe is 
movable. But in order not to multiply our disputes, J shall 
concede to you for the time being that the universe is fi- 
nite, spherical, and has a center. And since such a shape 
and center are deduced from mobility, it will be the more 
reasonable for us to proceed from this same circular mo- 
tion of world bodies to a detailed investigation of the 
proper position of the center. Even Aristotle himself rea- 
soned about and decided this in the same way, making that 
point the center of the universe about which all the celes- 
tial spheres revolve, and at which he believed the terres- 
trial globe to be situated. Now tell me, Simplicio: if 
Aristotle had found himiself forced by the most palpable 
experiences to rearrange in part this order and disposition 
of the universe, and to confess himself to have been mis- 
taken about one of these two propositions—that is, mis- 
taken either about putting the earth in the center, or about 
saying that the celestial spheres move around such a cen- 
ter—which of these admissions do you think that he 
would choose? 

Simp. I think that if that should happen, the Peripa- 
fewes. .. 

SALV. I am not asking the Peripatetics; I am asking Aris- 
totle himself. As for the former, I know very well what they. 
would reply. They, as most reverent and most humble 
slaves of Aristotle, would deny all the experiences and ob- 
servations in the world, and would even refuse to look at 
them in order not to have to admit them, and they would 
say that the universe remains just as Aristotle has written; 
not as nature would have it. For take away the prop of his 
authority, and with what'would you have them appear in 
the field? So now tell me what you think Aristotle himself 
would do. 

SIMP. Really, I cannot make up my mind which of these 
two difficulties he would have regarded as the lesser. 
SALV. Please, do not apply this term “difficulty” to some- 


‘thing that may necessarily be so; wishing to put the earth 
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in the center of the celestial revolutions was a “difficulty.” 

But since you do not know to which side he would have 

leaned, and considering him as [ do a man of brilliant in- 

tellect, let us set about examining which of the two choices 

is the more reasonable, and let us take that as the one 

which Aristotle would have embraced. So, resuming our 

reasoning once more from the beginning, let us assume out 

of respect for Aristotle that the universe (of the magnitude 

of which we have no sensible information beyond the fixed 

stars), like anything that is spherical.in shape and moves 
circularly, has necessarily a center for its shape and for its 

motion. Being certain, moreover, that within the stellar 

sphere there are many orbs one inside another, with their 

stars which also move circularly, our question is this: 

Which is it more reasonable to believe and to say; that 

these included orbs move around the same center as the 

universe does, or around some other one which is removed 

from that? Now you, Simplicio, say what you think about 

this matter. 

SIMP. If we could stop with this one assumption and were It is more 
sure of not running into something else that would disturb sister 
us, I should think it would be much more reasonable to say tainer and 
that the container and the things it contained all moved _ the con- 
around one common center rather than different ones. ay = 
SALV. Now if it is true that the center of the universe is around the 
that point around which all the orbs and world bodies (that same center 
: oe ‘ : than diverse 
is, the planets) move, it is quite certain that not the earth, 9, 

but the sun, is to be found at the center of the universe. J¢ ue cen- 
Hence, as for this first general conception, the central ter of the 
place is the sun’s, and the earth is to be found as far away world is the 
from the center as it is from the sun. pee 
Simp. How do you deduce that it is not the earth, but the which the 


ee ae : __ planets 
sun, which is at the center of the revolutions of the plan pee 
ets? sun and not 
SALV. This is deduced from most obvious and therefore the ai is 
ocate 


most powerfully convincing observations. The most palpa- there, 
ble of these, which excludes the earth from the center and 
places the sun there, is that we find all the planets closer to 
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the earth at one time and farther from it at another. The 
differences are so great that Venus, for example, is six 
times as distant from us at its farthest as at its closest, and 
Mars soars nearly eight times as high in the one state as in 
the other. You may thus see whether Aristotle was not 
some trifle deceived in believing that they were always 
equally distant from us. 

Simp. But what are the signs that they move around the 
sun? 

SALV. This is reasoned out from finding the three outer 
planets—Mars, Jupiter, and Saturn—always quite close to 
the earth when they are in opposition to the sun, and very 
distant when they are in conjunction with it. This ap- 
proach and recession is ‘of such moment that Mars when 
close looks sixty times as large as when it is most distant. 
Next, it is certain that Venus and Mercury must revolve 
around the sun, because of their never moving far away 
from it, and because of their being seen now beyond it and 
now on this side of it, as Venus’s changes of shape conclu- 
sively prove. As to the moon, it is true that this can never 
separate from the earth in any way, for reasons that will be 
set forth more specifically as we proceed. 

SAGR. I have hopes of hearing still more remarkable 
things arising from this annual motion of the earth than 
were those which depended upon its diurnal rotation. 
SALV. You will not be disappointed, for as to the action of 
the diurnal motion upon celestial bodies, it was not and 
could not be anything different from what would appear if 
the universe were to rush speedily in the opposite direc- 
tion. But this annual motion, mixing with the individual 
motions of all the planets, produces a great many oddities 
which in the past have baffled all the greatest men in the 
world. 

Now returning to these first general conceptions, I re- . 
peat that the center of the celestial rotation for the five 
planets, Saturn, Jupiter, Mars, Venus, and Mercury, is the 
sun; this will hold for the earth too, if we are successful in 
placing that in the heavens. Then as to the moon, it has a 
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circular motion around the earth, from which as I have al- 
ready said it cannot be separated; but this does not keep it 
from going around the sun along with the earth in its an- 
nual movement. 

Simp. I am not yet convinced of this arrangement at all. 
Perhaps I should understand it better from the drawing of 
a diagram, which might make it easier to discuss. 

SALV. That shall be done. But for your greater satisfaction 
and your astonishment, too, I want you to draw it yourself. 
You will see that however firmly you may believe yourself 
not to understand it, you do so perfectly, and just by an- 
swering my questions you will describe it exactly. So take a 
sheet of paper and the compasses; let this page be the 
enormous expanse of the universe, in which you have to 
distribute and arrange its parts as reason shall direct you. 
And first, since you are sure without my telling you that 
the earth is located in this universe, mark some point at 
your pleasure where you intend this to be located, and des- 
ignate it by means of some letter. 


S1MP. Let this be the place of the terrestrial globe, marked system of 
a the universe 


, sketched 
SALV. Very well. I know in the second place that you are from the 


aware that this earth is not inside the body of the sun, nor _appear- 
even contiguous to it, but is distant from it by a certain “°° 
space. Therefore assign to the sun some other place of 

your choosing, as far from the earth as you like, and desig- 

nate that also. | 

Simp. Here I have done it; let this be the sun’s position, 
marked O. 

SALV. These two established, I want you to think about 
placing Venus in such a way that its position and move- 
ment can conform to what sensible experience shows us 
about it. Hence you must call to mind, either from past 
discussions or from your own observations, what you know 
happens with this star. Then assign it whatever place seems 
suitable for it to you. 

‘Simp. I shall assume that those appearances are correct 
which you have related and which I have read also in the 
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booklet of theses; that is, that this star never recedes from 
the sun beyond a certain definite interval of forty degrees 
or so; hence it not only never reaches opposition to the 
sun, but not even quadrature, nor so much as a sextile as- 
pect. Moreover, I shall assume that it displays itself to us 
about forty times as large at one time than at another; 
greater when, being retrograde, it is approaching evening 
conjunction with the sun, and very small when it is moving 
forward toward morning conjunction, and furthermore 
that when it appears very large, it reveals itself in a horned. 
shape, and when it looks very small it appears perfectly 
round. 

These appearances being correct, I say, I do not see how 
to escape affirming that this star revolves in a circle around 
the sun, in such a way that this circle cannot possibly be 
said to embrace and contain within itself the earth, nor to 
be beneath the sun (that is, between the sun and the earth), 
nor yet beyond the sun. Such a circle cannot embrace the- 
earth because then Venus would sometimes be in opposi- 
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tion to the sun; it cannot be, beneath the sun, for then 
Venus would appear sickle-shaped at both conjunctions, 
and it cannot be beyond the sun, since then it would always 
look round and never horned. Therefore for its lodging I 
shall draw the circle CH around the sun, without having 
this include the earth. 
SALV. Venus provided for, it is fitting to consider Mercury, 
which, as you know, keeping itself always around the sun, 
recedes therefrom much less than Venus. Therefore con- 
sider what place you should assign to it. 
SIMP. There is no doubt that, imitating Venus as it does, 
the most appropriate place for it will be a smaller circle, 
within this one of Venus and also described about the sun. 
A reason for this, and especially for its proximity to the 
sun, is the vividness of Mercury’s splendor surpassing that 
-of Venus and all the other planets. Hence on this basis we 
may draw its circle here and mark it with the letters BG. 
SALV. Next, where shall we put Mars? 
Sime. Mars, since it does come into opposition with the 
sun, must embrace the earth with its circle. And'I see that 
it must also embrace the sun; for, coming into:conjunction 
with the sun, if it did not pass beyond it but fell short of it, 
it would appear horned as Venus and the moon do. But it 
always looks round; therefore its circle must include the 
sun as well as the earth. And since I remember your having 
said that when it is in opposition to the sun it looks sixty 
times as large as when in conjunction, it seems to me that 
this phenomenon will be well provided for by a circle 
around the sun embracing the earth, which I draw here 
and mark DI. When Mars is at the point D, it is very near 
the earth and in opposition to the sun, but when it is at the 
point J, it is in conjunction with the sun and very distant 
from the earth. 

And since the same appearances are observed with re- 
gard to Jupiter and Saturn (although with less variation in 
Jupiter than in Mars, and with still less in Saturn than in 
Jupiter), it seems clear to me that we can also accommo- 
date these two planets very neatly with two circles, still 
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around the sun. This first one, for Jupiter, I mark EL; the 
other, higher, for Saturn, is called FM. 

SALV. So far you have comported yourself uncommonly 
well. And since, as you see, the approach and recession of 
the three outer planets is measured by double the distance 
between the earth and the sun, this makes a greater varia- 
tion in Mars than in Jupiter because the circle DI of Mars 
is smaller than the circle EL of Jupiter. Similarly, EL here 
is smaller than the circle FM of Saturn, so the variation is 
still less in Saturn than in Jupiter, and this corresponds ex- 
actly to the appearances. It now remains for you to think 
about a place for the moon. 

Sime. Following the same method (which seems to me 
very convincing), since we see the moon come into con- 
junction and opposition with the sun, it must be admitted 
that its circle embraces the earth. But it must not embrace 
the sun also, or else when it was in conjunction it would 
not look horned but always round and full of light. Besides, 
it would never cause an eclipse of the sun for us, as it fre- 
quently does, by getting in between us and the sun. Thus 
one must assign to it a circle around the earth, which shall 
be this one, NP, in such a way that when at P it appears to 
us here on the earth A as in conjunction with the sun, 
which sometimes it will eclipse in this position. Placed at 
N, it is seen in opposition to the sun, and in that position it 
may fall under the earth’s shadow and be eclipsed. 

SALV. Now what shall we do, Simplicio, with the fixed 
stars? Do we want to sprinkle them through the immense 
abyss of the universe, at various distances from any pre- 
determined point, or place them on a spherical surface ex- 
tending around a center of their own so that each of them 
will be the same distance from that center? 

Simp. I had rather take a middle course, and assign to 
them an orb described around a definite center and in- 
cluded between two spherical surfaces—a very distant 
concave one, and another closer and convex, between 
which are placed at various altitudes the innumerable host 
of stars. This might be called the universal sphere, con- 


The Third Day - 379 


taining within it the spheres of the planets which we have 
already designated. 

SALV. Well, Simplicio, what we have been doing all this 
while is arranging the world bodies according to the 
Copernican distribution, and this has now been done by 
your own hand. Moreover, you have assigned their proper 
movements to them all except the sun, the earth, and the 
stellar sphere. To Mercury and Venus you have attributed 
a circular motion around the sun without embracing the 
earth. Around the same sun you have caused the three 
outer planets, Mars, Jupiter, and Saturn, to move, embrac- 
ing the earth within their circles. Next, the moon cannot 
move in any way except around the earth and without 
embracing the sun. And in all these movements you like- 
wise agree with Copernicus himself. It now remains to 
apportion three things among the sun, the earth, and the 
stellar sphere: the state of rest, which appears to belong to 
the earth; the annual motion through the zodiac, which 
appears to belong to the sun; and the diurnal movement, 


_ which appears to belong to the stellar sphere, with all the. 


rest of the universe sharing in it except the earth. And 
since it is true that all the planetary orbs (I mean Mer- 
cury, Venus, Mars, Jupiter, and Saturn) move around the 
sun as a Center, it seems most reasonable for the state of 
rest to belong to the sun rather than to the earth—yust as 
it does for the center of any movable sphere to remain 
fixed, rather than some other point of it remote from the 
center. 

Next as to the earth, which is placed in the midst of 
moving objects—I mean between Venus and Mars, one of 
which makes its revolution in nine months and the other in 
two years—a motion requiring one year may be attributed 
to it much more elegantly than a state of rest, leaving the 
latter for the sun. And such being the case, it necessarily 


follows that the diurnal motion, too, belongs to the earth. : 


For if the sun stood still, and the earth did not revolve 
upon itself but merely had the annual movement around 
the stin, our year would consist of no more than one day 
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and one night; that is, six months of day and six months of 
night, as was remarked once previously. 

See, then, how neatly the precipitous motion of each 
twenty-four hours is taken away from the universe, and 
how the fixed stars (which are so many suns) agree with our 
sun in enjoying perpetual rest. See also what great simplic- 
ity is to be found in this rough sketch, yielding the reasons 
for so many weighty phenomena in the heavenly bodies. 
SAGR. I see this very well indeed. But just as you deduce 
from this simplicity a large probability of truth in this sys- 
tem, others may on the contrary make the opposite deduc- 
tion from it. If this very ancient arrangement of the 
Pythagoreans is so well accommodated to the appearances, 
they may ask (and not urireasonably) why it has found so 
few followers in the course of centuries; why it has been 
refuted by Aristotle himself, and why even Copernicus is 
not having any better luck with it in these latter days. 
SALV. Sagredo, if you had suffered even a few times, as I 
have so often, from hearing the sort of follies that are de- 
signed to make the common people contumacious and un- 
willing to listen to this innovation (let alone assent to it), 
then I think your astonishment at finding so few men hold- 
ing this opinion would dwindle a good deal. It seems to me 
that we can have little regard for imbeciles who take it as a 
conclusive proof in confirmation of the earth’s motionless- 
ness, holding them firmly in this belief, when they observe 
that they cannot dine today at Constantinople and sup in 
Japan, or for those who are positive that the earth is too 
heavy to climb up over the sun and then fall headlong back 
down again. There is no need to bother about such men as 
these, whose name is legion, or to take notice of their fool- 
eries. Neither need we try to convert men who define by 
generalizing and cannot make room for distinctions, just in 
order to have such fellows for our company in very subtle 
and delicate doctrines. Besides, with all the proofs in the 
world. what would you expect to accomplish in the minds 
of people who are too stupid to recognize their own limi- 
tations? : 
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No, Sagredo, my surprise is very different from yours. 
You wonder that there are so few followers of the 
Pythagorean opinion, whereas I am astonished that there 
have been any up to this day who have embraced and fol- 
lowed it. Nor can I ever sufficiently admire the outstand- 
ing acumen of those who have taken hold of this opinion 
and accepted it as true; they have through sheer force of 
intellect done such violence to their own senses as to pre- 
fer what reason told them over that which sensible experi- 
ence plainly showed them to the contrary. For the 
arguments against the whirling of the earth which we have 
already examined are very plausible, as we have seen; and 
the fact that the Ptolemaics and Aristotelians and all their 
disciples took them to be conclusive is indeed a strong ar- 
gument of their effectiveness. But the experiences which 
overtly contradict the annual movement are indeed so 
much greater in their apparent force that, I repeat, there is 
no limit to my astonishment when I reflect that Aristarchus 
and Copernicus were able to make reason so conquer 
sense that, in defiance of the latter, the former became 
mistress of their belief. ; 
SAGR. Then we are about to encounter still further strong 
attacks against this annual movement? 

SALV. We are, and such obvious and sensible ones that 
were it not for the existence of a superior and better sense 
than natural and common sense to join forces with reason, 
I much question whether I, too, should not have been 
much more recalcitrant toward the Copernican system 
than I have been since a clearer light than usual has illumi- 
nated me. 

SAGR. Well, then, Salviati, let us get down to cases, as they 
say; for every word spent otherwise seems to me to be 
wasted. 

SALV. I am at your service... 

{Simp. Gentlemen, please give me a chance to restore 
harmony to my mind, which I now find very much upset 
by certain matters which Salviati has just touched upon. 
Then, when this storm has subsided, I shall be able to lis- 
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ten to your theories more profitably. For there is no use 
forming an image in a wavy mirror, as the Latin poet has 
told us so graciously by writing: 


... nuper me in littore vidi, 
Cum placidum ventis staret mare. 


SALV. You are quite right; tell us your difficulties. 

Simp. Those who deny the diurnal motion to the earth 
because they do not see themselves being transported to 
Persia or Japan have been called by you just as dull-witted 
as those who oppose the annual motion because of the re- 
pugnance they feel against admitting that the vast and 
ponderous bulk of the tétrestrial globe can raise itself on 
high and then descend to the depths, as it would have to do 
if it revolved about the sun annually. Now I, without 
blushing to be numbered among such simpletons, feel in 
my own mind this very repugnance as to the second point 
against the annual motion, the more so when I see how 
much resistance is made to motion even over a plain by, I 
Shall not say a mountain, but a mere stone; and even the 
former would be but the tiniest fraction of an Alpine 
range. Therefore I beg you not to scorn such objections en- 
tirely, but to solve them; and not for me alone, but also for 
others to whom they seem quite real. For I think it is very 
difficult for some people, simple though they may be, to 
recognize and admit that they are simple just because they 
know themselves to be so regarded. 

SAGR. Indeed, the simpler they are, the more nearly im- 
possible it will be to convince them of their own short- 
comings. And on this account | think that it is good to 
resolve this and all similar objections, not only that Sim- 
plicio should be satisfied, but also for other reasons no less 
important. For it is clear that there are plenty of people 
who are well versed in philosophy and the other sciences 
but who, either through lack of astronomy or mathematics 
or some other discipline which would sharpen their minds 
for the penetration of truth, adhere to silly doctrines like — 
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these. That is why the situation of poor Copernicus seems 
to me lamentable; he could expect only censure for his 
views and could not let them fall into the hands of anyone 
who, being unable to comprehend his arguments (which 
are very subtle and therefore difficult to master), would be 
convinced of their falsity on account of some superficial 
appearances, and would go about declaring them to be 
wrong and full of error. If people cannot be convinced by 
the arguments, which are quite abstruse, it is good to make 
sure that they recognize the vapidity of these objections. 
From such knowledge comes moderation in their judg- 
ment and condemnation of the doctrine which at present 
they consider erroneous. Accordingly I shall raise two 
other objections against the diurnal motion, which not so 
long ago were to be heard put forward by important men of 
letters, and after that we shall look into the annual motion. 

The first was that if it were true that the sun and other 
stars did not rise over the eastern horizon, but the eastern 
side of the earth sank beneath them while they remained 

_ motionless, then it would follow that after a short time the 
mountains, sinking downward with the rotation of the ter-_ 
restrial globe, would get into such a position that whereas 
a little earlier one would have had to climb steeply to their 
peaks, a few hours later one would have to stoop and de- 
scend in order to get there. 

The other was that if the diurnal motion belonged to 
the earth, it would have to be so rapid that anyone placed 
at the bottom of a well would not for a moment be able to 
see a star which was directly above him, being able to see it 
only during the very brief instant in which the earth tra- 
verses two or three yards, this being the width of the well. 
Yet experiment shows that the apparent passage of such a 
star in going over the well takes quite a while—a necessary 
argument that the mouth of the well does not move with 
that rapidity which is required for the diurnal movement. 
Hence the earth is motionless. : 

Simp. Of these two arguments, the second really does 
seem persuasive to me; but as to the first, I think I could 
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clear that up myself. For I consider it the same thing for 
the terrestrial globe to move about its own center and 
carry a mountain eastward with it, as for the globe to stand 
still while the mountain was detached at the base and 
drawn along the earth. And I do not see that carrying the 
mountain over the earth’s surface is an operation any dif- 
ferent from sailing a ship over the surface of the sea. So if 
the objection of the mountain were valid, it would follow 
likewise that as the ship continued its voyage and became 
several degrees distant from our ports, we should have to 
climb its mast not merely in order to ascend, but to move 
about in a plane, or eventually even to descend. Now this 
does not happen, nor have I ever heard of any sailor, even 
among those who have ‘tircumnavigated the globe, who 
had found any difference in such actions (or any others 
performed on board ship) because of the ship being in one 
place rather than another. 

SALV. You argue very well, and if it had ever entered the 
mind of the author of this objection to consider how this 
neighboring eastern mountain of his would, if the terres- 
trial globe revolved, be found in a couple of hours to have 
been carried by that motion to where Mt. Olympus, for ex- 
ample, or Mt. Carmel is now located, he would have seen 
that by his own line of reasoning he would be obliged to 
believe and admit that in order to get to the top of the lat- 
ter mountains one would in fact have to descend. Such 
people have the same kind of mind as do those who deny 
the antipodes on the grounds that one cannot walk with his 
head down and his feet attached to the ceiling; they pro- 
duce ideas that are true and that they completely under- 
stand, but they do not find it easy to deduce the simplest 
solutions for their difficulties. I mean, they understand 
very well that to gravitate or to descend is to approach the 
center of the terrestrial globe, and that to ascend is to de- 
part from that; but they fail to understand that our an- 
tipodes have no trouble at all in sustaining themselves or in 
walking because they are just like us, having the soles of 
their feet toward the center of the earth and their heads 
toward the sky. 
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SAGR. Yet we know that men who are profoundly inge- 
nious in other fields are blind to such ideas. This confirms 
what I have just said; it is good to remove every objection, 
even the feeblest. Therefore the matter of the well should 
also be answered. 

SALV. This second argument does indeed have some elu- 
sive appearance of cogency. Nevertheless, I think it certain 
that if one were to interrogate the very person to whom it 
occurs, to the end that he might express himself better by 
explaining just what results ought to follow if one assumes 
the diurnal rotation of the earth, but which appear to him 
not to take place; then, I say, I believe that he would get all 
tangled up in explaining his question and its conse- 
quences—perhaps no less than he would disentangle it by 
thinking it over. 

Simp. To be perfectly frank, I am sure that that is what 
would happen, although I too find myself right now in this 
same confusion. For at first glance it seems to me that the 
argument is binding, but on the other hand I am beginning 
to realize that other troubles would arise if the reasoning 
were to continue along the same line. For this extremely 
rapid course, which ought to be perceived in the star if the 
motion belonged to the earth, should also be discovered in 
it if the motion were its own—even more so, since it would 
have to be thousands of times as fast in the star as in the 
earth. On the other hand, the star must be lost to sight by 
passing the mouth of the well, which would be only a cou- 
ple of yards in diameter, if the well goes along with the 
earth more than two million yards per hour. Indeed, this 
seems to be such a transitory glimpse that one cannot even 
imagine it, yet from the bottom of a well a star is seen for 
quite a long time. So I should like to be put in the clear 
about this matter. 
SALV. Now I am strongly confirmed in my belief about 
the confusion of the author of this objection, seeing that 
you too, Simplicio, becloud what you mean and do not re- 
ally grasp what you should be saying. I deduce this princi- 
pally from your omitting a distinction which is a principal 
point in this matter. So tell me whether in carrying out this 
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experiment (I mean this one of the star passing over the 
mouth of the well) you would make any distinction be- 
tween the well being deeper or shallower, that is, between 
the observer being farther from or closer to its mouth. For 
I have not heard you make any mention of this. 

SiMmP. The fact is that I had not thought about it, but your 
question has awakened. my mind to it, and hints to me that 
such a distinction must be quite necessary. Already I begin 
to see that in order to determine the time of the passage, 
the depth of the well may perhaps make no less difference 
than its width. 

SALV. Still, I rather question whether the width makes any 
difference to us, or very much. 

Simp. Why, it seems to me that having to travel 10 yards of 
breadth takes ten times as long as to pass 1 yard. I am sure 
that a boat 10 yards long will pass beyond my view long be- 
fore a galley 100 yards long will do so. 

SALV. So, we still persist in that inveterate idea of not 
moving unless our legs carry us. 

What you are saying is true, my dear Simplicio, if the 
object you see is in motion while you remain stationary to 
observe it. But if you are in a well when the well and you 
together are carried along by the rotation of the earth, 
don’t you see that not in an hour, nor in a thousand, nor in 
all eternity will you ever be overtaken by the mouth of the 
well? The manner in which the moving or nonmoving of 
the earth acts upon you in such a situation can be recog- 
nized not from the mouth of the well, but from some other 
separate object not sharing the same state of motion—or | 
should say, of rest. 

SIMP. So far so good; but assume that I, being in the well 

am carried together with it by the diurnal motion, and that 
the star seen by me is motionless. The opening of the well 
(which alone allows my sight to pass beyond) being not 
more than three yards, out of so many millions of yards in 
the balance of the terrestrial surface which are hindering _ 
my view, how can the time of my seeing be a perceptible 
fraction of that of my not seeing? 
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SALV. You are still falling into the same quibble, and in 
fact you will need someone to help you out of it. It is not 
the width of the well, Simplicio, which measures the time 
of visibility of the star, since in that case you would see it 
perpetually, as the well would give passage to your vision 
perpetually. No, the measure of this time must be obtained 
from that fraction of the motionless heavens which re- 
mains visible through the opening of the well. 

SIMP. Is not that part of the sky which I perceive the same 
fraction of the entire heavenly sphere as the mouth of the 
well is of the terrestrial sphere? 

SALV. I want you to answer that for yourself. Tell me 
whether the mouth of the well is always the same fraction 
of the earth’s surface. 

S1MP. There is no doubt that it is always the same. 

SALV. And how about the part of the sky which is seen by 
the person in the well? Is that always the same fraction of 
the whole celestial sphere? 

S1MP. Now I am beginning to sweep the darkness from my 
mind, and to understand what you hinted to me‘a little 
while ago—that the depth of the well has something to do 
with this matter. For I do not question that the more distant 
the eye is from the mouth of the well, the smaller will be the 
part of the sky which it will perceive, and consequently the 
sooner this will have been passed and become lost to view 
by whoever is looking at it from the bottom of the well. 
SALV. But is there any place in the well from which he 
would perceive exactly that fraction of the celestial sphere 
which the mouth of the well is of the earth’s surface? 
SIMP. It seems to me that if the well were excavated to the 
center of the earth, perhaps from there one might see a 
part of the sky which would be to it as the well is to the 
earth. But leaving the center and rising toward the surface, 
an ever larger part of the sky would be revealed. 

SALV. And finally, placing the eye at the: mouth of the 
well, it would perceive one-half the sky, or very little less, 
which would take twelve hours in passing, assuming that 
we were at the equator.] 
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A while ago I sketched for you an outline of the Coper- 
nican system, against the truth of which the planet Mars 
launches a ferocious attack. For if it were true that the dis- 
tances of Mars from the earth varied as much from mini- 
mum to maximum as twice the distance from the earth to 
the sun, then when it is closest to us its disc would have to 
look sixty times as large as when it is most distant. Yet no 
such difference is to be seen. Rather, when it is in opposi- 
tion to the sun and close to us, it shows itself as only four 
or five times as large as when, at conjunction, it becomes 
hidden behind the rays of the sun. 

Another and greater difficulty is made for us by Venus, 
which, if it circulates around the sun as Copernicus says, 
would be now beyond it‘and now on this side of it, reced- 
ing from and approaching toward us by as much as the di- 
ameter of the circle it describes. Then when it is beneath 
the sun and very close to us, its disc ought to appear to us 
a little less than forty times as large as when it is beyond 
the sun and near conjunction. Yet the difference is almost 
imperceptible. 

Add to these another difficulty; for if the body of Venus 
is intrinsically dark, and like the moon it shines only by il- 
lumination from the sun, which seems reasonable, then it 
ought to appear horned when it is beneath the sun, as the 
moon does when it is likewise near the sun—a phenome- 
non which does not make itself evident in Venus. For that 
reason, Copernicus declared that Venus was either lumi- 
nous in itself or that its substance was such that it could 
drink in the solar light and transmit this through its entire 
thickness in order that it might look resplendent to us. In 
this manner Copernicus pardoned Venus its unchanging 
shape, but he said nothing about its small variation in SIZ; 
much less of the requirements of Mars. I believe this was 
because he was unable to rescue to his own satisfaction an 
appearance so contradictory to his view; yet being per- 
suaded by so many other reasons, he maintained that view 
and held it to be true. 

Besides these things, to have all the planets move 
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around together with the earth, the sun being the center of 

their rotations, then the moon alone disturbing this order 

and having its own motion around the earth (going around 7 nd 
the sun in a year together with the earth and the whole el- disturbs the 
emental sphere) seems in some way to upset the whole eae 
order and to render it improbable and false. planets, 

These are the difficulties which make me wonder at 
Aristarchus and Copernicus. They could not have helped 
noticing them, without having been able to resolve them; 
nevertheless they were confident of that which reason told 
them must be so in the light of many other remarkable ob- 
servations. Thus they confidently affirmed that the struc- 
ture of the universe could have no other form than that 
which they had described. Then there are other very seri- 
ous but beautiful problems which are not easy for ordinary 
minds to resolve, but which were seen through and ex- 

‘plained by Copernicus; these we shall put off until we 
have answered the objections of people who show them- 
selves hostile to this position. 

Coming now to the explanations and replies to the Answer to 
three grave objections mentioned, | say that the first two the first 
are not only not contrary to the Copernican system, but ee 
that they absolutely favor it, and greatly. For both Mars: against the 
and Venus do show themselves variable in the assigned ns ait 
proportions, and Venus does appear horned when beneath 
the sun, and changes her shape in exactly the same way as 
the moon. 

SAGR. But if this was concealed from Copernicus, how is 
it revealed to you? 

SALV. These things can be comprehended only chrouigh 
the sense of sight, which nature has not granted so perfect 
to men that they can succeed in discerning such distinc- 
tions. Rather, the very instrument of seeing introduces a 
hindrance of its own. But in our time it has pleased God to 
concede to human ingenuity an invention so wonderful as 
to have the power of increasing vision four, six, ten, 
twenty, thirty, and forty times, and an infinite number of 
objects which were invisible, either because of distance or 
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extreme minuteness, have become visible by means of the 
telescope. 

SAGR. But Venus and Mars are not objects which are in- 
visible because of any distance or small size. We perceive 
these by simple natural vision. Why, then, do we not dis- 
cern the differences in their sizes and shapes? 

SALV. In this the impediment of our eyes plays a large 
part, as I have just hinted to you. On account of that, bright 
distant objects are not represented to us as simple and 
plain, but are festooned with adyentitious and alien rays 
which are so long and dense that the bare bodies are shown 
as expanded ten, twenty, a hundred, or a thousand times as 
much as would appear to us if the little radiant crown 
which is not theirs were removed. 

SAGR. Now I recall having read something of the sort, but 
I don’t remember whether it was in the Solar Letters or in Il 
Saggiatore by our friend. It would be a good thing, in order 
to refresh my memory as well as to inform Simplicio, who 
perhaps has not read those works, to explain to us in more 
detail how the matter stands. For I should think that a 
knowledge of this would be most essential to an under- 
standing of what is now under discussion. 

Sime. Everything that Salviati is presently setting forth is 
truly new to me. Frankly, I had no interest in reading those 
books, nor up till now have I put any faith in the newly in- 
troduced optical device. Instead, following in the footsteps 
of other Peripatetic philosophers of my group, I have con-. 
sidered as fallacies and deceptions of the lenses those 
things which other people have admired as stupendous 
achievements. If I have been in error, I shall be glad to be 
lifted out of it, and, charmed by the other new things I 
have heard from you, I shall listen most attentively to the 
rest. 

SALV. The confidence which men of that stamp have in 
their own acumen is as unreasonable as the small regard 
they have for the judgments of others. It is a remarkable 
thing that they should think themselves better able to 
judge such an instrument without ever having tested it, 
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than those who have made thousands and thousands of ex- 
periments with it and make them every day. But let us for- 
get about such headstrong people, who cannot even be 
censured without doing them more honor than they de- 
serve. 

Getting back to our purpose, I say that shining objects, 
either because their light is refracted in the moisture that | Brilliant 
covers the pupil, or because it is reflected from the edges of biects are 
the eyelids and these reflected rays are diffused over the nomi 
pupil, or for some other reason, appear to our eyes as if adventitious 
surrounded by new rays. Hence these bodies look much ** 
larger than they would if they were seen by us deprived of 
such irradiations. This enlargement is made in greater and 
greater proportion as such luminous objects become’ Reason why 
smaller and smaller, in exactly such a manner as if we were [minous 
to suppose a growth of shining hair, say four inches long, to ee ee 
be added around a circle four inches in diameter, which _larged the 
would increase its apparent size nine times; but... — piey 
SIMP. I think you meant to say “three times,” since four 
inches added on each side of a circle four inches in diam- 
eter would amount to tripling its magnitude and not to en- 
larging it nine times. 
SALV. A little geometry, Simplicio; it is true that the di- 
ameter increases three times, but the surface (which is Areas of 
what we are talking about) grows nine times. For the sur-  Su*faces in- 
faces of circles, Simplicio, are to each other as the squares eon 
_ of their diameters, and a circle four inches in diameter has _ to the 
to another of twelve inches the same ratio which the ae 
square of four has to the square of twelve; that is, 16 to 144. them. 
Therefore it will be nine times as large, not three. This is 
for your information, Simplicio. 

Now, to continue, if we add this coiffure of four inches 
to a circle of only two inches in diameter, the diameter of 
the crown will be ten inches and the ratio of the circle to 
the bare body will be as 100 to 4 (for such are the squares 
of 10 and of 2), so the enlargement would be twenty-five 
times. And finally, the four inches of hair added to a tiny 


circle of one inch in diameter would enlarge this eighty- 
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one times. Thus the increase is continually made larger 
and larger proportionately, according as the real objects 
which are increased become smaller and smaller. 
SAGR. The question which gave Simplicio trouble did not 
really bother me, but there are some other things about 
which I desire a clearer explanation. In particular I should 
like to learn the basis upon which you affirm such a growth 
to be always equal in all visible objects. 
SALV. I have already partly explained by saying that only 
luminous objects increase; not dark ones. Now I shall add 
the rest. Of shining objects, those which are brightest in 
light make the greatest and strongest reflections upon our 
pupils, thereby showing themselves as much more en- 
larged than those less bright. And so as not to go on too 
long about this detail, let us resort to what is shown us by 
our greatest teacher; this evening, when the sky is well 
darkened, let us look at Jupiter; we shall see it very radiant 
and large. Then let us cause our vision to pass through a 
tube, or even through a tiny opening which we may leave 
between the palm of our hand and our fingers, clenching 
the fist and bringing it to the eye; or through a hole made 
by a fine needle in a card. We shall see the disc of Jupiter 
deprived of rays and so very small that we shall indeed 
judge it to be even less than one-sixtieth of what had pre- 
viously appeared to us to be a great torch when seen with 
the naked eye. Afterwards, we may look at the Dog Star, a 
very beautiful star and larger than any other fixed star. To 
the naked eye it looks to be not much smaller than Jupiter, 
but upon taking away its headdress in the manner de- 
scribed above, its disc will be seen to be so small that one 
would judge it to be no more than one-twentieth the size 
of Jupiter. Indeed, a person lacking perfect vision will be 
able to find it only with great difficulty, from which it may 
reasonably be inferred that this star is one which has a 
great deal more luminosity than Jupiter, and makes larger 
irradiations. 
Next, the irradiations of the sun and of the moon are as 
nothing because of the size of these bodies, which by 
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themselves take up so much room in our eye astoleave no are but 
place for adventitious rays, so that their discs are seen as ~ rt 
shorn and bounded. 

We may assure ourselves of the same fact by another Showing by 
experiment which J have made many times—assure our- 4 Obvious 
selves, I mean, that the resplendent bodies of more vivid i 
illumination give out many more rays than those which most bril- 
have only a pale light. I have often seen Jupiter and Venus aioe 
together, twenty-five or thirty degrees from the sun, the more irra- 
sky being very dark. Venus would appear eight or even ten — ao 
times as large as Jupiter when looked at with the naked eye. jucia 
But seen afterward through a telescope, Jupiter’s disc 
would be seen to be actually four or more times as large as 
Venus. Yet the liveliness of Venus’s brilliance was incom- 
parably greater than the pale light of Jupiter, which comes 
about only because Jupiter is very distant from the sun and 
from us, while Venus is close to us and to the sun. 

These things having been explained, it will not be diffi- 
cult to understand how it might be that Mars, when in op- 
position to the sun and therefore seven or more times as 
close to the earth as when it is near conjunction, looks to us 
scarcely four or five times as large in the former state as in 
the latter. Nothing but irradiation is the cause of this. For 
if we deprive it of the adventitious rays we shall find it en- 
larged in exactly the proper ratio. And to remove its head __ Telescope 
of hair from it, the telescope is the unique and supreme ae 
means. Enlarging its disc nine hundred or a thousand  semoving 
times, it causes this to be seen bare and bounded like that « the head- 
of the moon, and in the two positions varying in exactly — 
the proper proportion. 

Next in Venus, which at its evening conjunction when it 
is beneath the sun ought to look almost forty times as large 
as in its morning conjunction, and is seen as not even dou- 
bled, it happens in addition to the effects of irradiation 
that it is sickle-shaped, and its horns, besides being very 
thin, receive the sun’s light obliquely and therefore very 
weakly. So that because it is small.and feeble, it makes its A second 


irradiations less ample and lively than when it shows itself cause for 
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to us with its entire hemisphere lighted. But the telescope 
plainly shows us its horns to be as bounded and distinct as 
those of the moon, and they are seen to belong to a very 
large circle, in a ratio almost forty times as great as the 
same disc when it is beyond the sun, toward the end of its 
morning appearances. 
SAGR. O Nicholas Copernicus, what a pleasure it would 
have been for you to see this part of your system con- 
firmed by so clear an experiment! 
SALV. Yes, but how much less would his sublime intellect 
be celebrated among the learned! For as I said before, we 
may see that with reason as his guide he resolutely contin- 
ued to affirm what sensible experience seemed to contra- 
dict. I cannot get over my amazement that he was 
constantly willing to persist in saying that Venus might go 
around the sun and be more than six times as far from us at 
one time as at another, and still look always equal, when it 
should have appeared forty times larger. 
SAGR. I believe then that in Jupiter, Saturn, and Mercury 
one ought also to see differences of size corresponding ex- 
actly to their varying distances. 
SALV. In the two outer planets I have observed this with 
precision in almost every one of the past twenty-two 
years. In Mercury no observations of importance can be 
made, since it does not allow itself to be seen except at 
its maximum angles with the sun, in which the inequali- 
ties of its distances from the earth are imperceptible. 
Hence such differences are unobservable, and so are its 
changes of shape, which must certainly take place as in 
Venus. But when we do see it, it would necessarily show 
itself to us in the shape of a semicircle, just as Venus does 
at its maximum angles, though its disc is so small and its 
brilliance so lively that the power of the telescope is not 
sufficient to strip off its hair so that it may appear com- 
pletely shorn. 

It remains for us to remove what would seem to be a 
great objection to the motion of the earth. This is that 
though all the planets turn about the sun, the earth alone is 
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not solitary like the others, but goes together in the com- 

pany of the moon and the whole elemental sphere around 

the sun in one year, while at the same time the moon 

moves around the earth every month. Here one must once 

more exclaim over and exalt the admirable perspicacity of 
Copernicus, and simultaneously regret his misfortune at Removing 
not being alive in our day. For now Jupiter removes this ap- ‘he diffi- 
parent anomaly of the earth and moon moving conjointly. See, — 
We see Jupiter, like another earth, going around the sun in _ the earth’s 
twelve years accompanied not by one but by four moons, ™V"€ 


: : : ae around the 
together with everything that may be contained within the _ sun not 


orbits of its four satellites. alone, but 
.SAGR. And what is the reason for your calling the four a a 
Jovian planets “moons”? moon, 


SALV. That is what they would appear to be to anyone who The 
saw them from Jupiter. For they are dark in themselves, and Medicean 
. . . oo . . Stars are as 
receive their light from the sun; this is obvious from their fous moons 
being eclipsed when they enter into the cone of Jupiter's around 
shadow. And since only that hemisphere of theirs is illumi- J"?i**r 
nated which faces the sun, they always look entirely illu- 
minated to us who are outside their orbits and closer to the 
sun; but to anyone on Jupiter they would look completely 
lighted only when they were at the highest points of their 
circles. In the lowest part—that is, when between Jupiter 
and the sun—they would appear horned from Jupiter. In a 
word, they would make for Jovians the same changes of 
shape which the moon makes for us Terrestrials. 
Now you see how admirably these three notes harmo- 
nize with the Copernican system, when at first they 
seemed so discordant with it. From this, Simplicio will be 
much better able to see with what great probability one 
may conclude that not the earth, but the sun, is the center 
of rotation of the planets. And since this amounts to plac- 
ing the earth among the world bodies which indubitably 
move about the sun (above Mercury and Venus but be- 
neath Saturn, Jupiter, and Mars), why will it not likewise 
be probable, or perhaps even necessary, to admit that it 
also goes around? 
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SIMP. These events are so large and so conspicuous that it 
is impossible for Ptolemy and his followers not to have had 
knowledge of them. And having had, they must also have 
found a way to give reasons sufficient to account for such 
sensible appearances; congruous and probable reasons, 
since they have been accepted for so long by so many 
people. 

SALV. You argue well, but you must know that the princi- 
pal activity of pure astronomers is to give reasons just for 
the appearances of celestial bodies, and to fit to these and 
to the motions of the stars such a structure and arrange- 
ment of circles that the resulting calculated motions cor- 
respond with those same appearances. They are not much 
worried about admitting anomalies which might in fact be 
troublesome in other respects. Copernicus himself writes, 
in his first studies, of having rectified astronomical science 
upon the old Ptolemaic assumptions, and corrected the 
motions of the planets in such a way that the computations 
corresponded much better with the appearances, and vice 
versa. But this was still taking them separately, planet by 
planet. He goes on to say that when he wanted to put to- 
gether the whole fabric from all individual constructions, 
there resulted a monstrous chimera composed of mutually 
disproportionate members, incompatible as a whole. Thus 
however well the astronomer might be satisfied merely as 
a calculator, there was no satisfaction and peace for the as- 
tronomer as a scientist. And since he very well understood 
that although the celestial appearances might be saved 
by means of assumptions essentially false in nature, it 
would be very much better if he could derive them from 
true suppositions, he set himself to inquiring diligently 
whether any one among the famous men of antiquity had 
attributed to the universe a different structure from that of 
Ptolemy’s which is commonly accepted. Finding that some 
of the Pythagoreans had in particular attributed the diur- 
nal rotation to the earth, and others the annual revolution 
as well, he began to examine under these two new suppo- 
sitions the appearances and peculiarities of the planetary 
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motions, all of which he had readily at hand. And seeing 
that the whole then corresponded to its parts with won- 
derful simplicity, he embraced this new arrangement, and 
in it he found peace of mind. 
SIMP. But what anomalies are there in the Ptolemaic 
arrangement which are not matched by greater ones in the 
Copernican? 
SALV. The illnesses are in Ptolemy, and the cures for them 
in Copernicus. First of all, do not all philosophical schools 
hold it to be a great impropriety for a body having a nat- 
ural circular movement to move irregularly with respect to 
its own center and regularly around another point? Yet 
-Ptolemy’s structure is composed. of such uneven move- 
ments, while in the Copernican system each movement is 
_ equable around its own center. With Ptolemy it is neces- _ Inconve- 
sary to assign to the celestial bodies contrary movements, a 
and make everything move from east to west and at the in prolemy’s 
same time from west to east, whereas with Copernicus all system. 
celestial revolutions are in one direction, from west to east. 
And what are we to say of the apparent movement of a 
planet, so uneven that it not only goes fast at one time and 
slow at another, but sometimes stops entirely and even 
goes backward a long way after doing so? To save these ap- 
pearances, Ptolemy introduces vast epicycles, adapting 
them one by one to each planet, with certain rules about 
incongruous motions—all of which can be done away with 
by one very simple motion of the earth. Do you not think 
it extremely absurd, Simplicio, that in Ptolemy’s construc- 
tion where all planets are assigned their own orbits, one 
above another, it should be necessary to say that Mars, 
placed above the sun’s sphere, often falls so far that it 
breaks through the sun’s orb, descends below this and gets 
closer to the earth than the body of the sun is, and then a 
little later soars immeasurably above it? Yet these and 
other anomalies are cured by a single and simple annual 
movement of the earth. 
SAGR. I should like to arrive at a better understanding of 
how these stoppings, retrograde motions, and advances, 
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which have always seemed to me highly improbable, come 
about in the Copernican system. 

SALV. Sagredo, you will see them come about in such a 
way that the theory of this alone ought to be enough to 
gain assent for the rest of the doctrine from anyone who is 
neither stubborn nor unteachable. | tell you, then, that no 
change occurs in the movement of Saturn in thirty years, 
in that of Jupiter in twelve, that of Mars in two, Venus in 
nine months, or in that of Mercury in about eighty days. 
The annual movement of the earth alone, between Mars | 
and Venus, causes all the apparent irregularities of the five 
stars named. For an easy and full understanding of this, I 
wish to draw you a picture of it. Now suppose the sun to 
be located in the center’O, around which we shall desig- 
nate the orbit described by the earth with its annual move- 
ment, BGM. The circle described by Jupiter (for example) 
in 12 years will be BGM here, and in the stellar sphere we 
shall take the circle of the zodiac to be PUA. In addition, in 
the earth’s annual orbit we shall take a few equal arcs, BC, 
CD, DE, EF, FG, GH, HI, IK, KL, and LM, and in the cir- 
cle of Jupiter we shall indicate these other arcs passed over 
in the same times in which the earth is passing through 
these. These are BC, CD, DE, EF, FG, GH, HI, IK, KL, and LM, 
which will be proportionately smaller than those noted on 
the earth’s orbit, as the motion of Jupiter through the zo- 
diac is slower than the annual celestial motion. 

Now suppose that when the earth is at B, Jupiter is at B; 
then it will appear to us as being in the zodiac at P along 
the straight line BBP. Next let the earth move from B to C 
and Jupiter from B to Cin the same time; to us, Jupiter will 
appear to have arrived at Q in the zodiac, having advanced 
in the order of the signs from P to Q. The earth then pass- 
ing to D and Jupiter to D, it will be seen in the zodiac at R; 
and from E, Jupiter being at £, it will appear in the zodiac 
at S, still advancing. But now when the earth begins to get 
directly between Jupiter and the sun (having arrived at F 
and Jupiter at F), to us Jupiter will appear to be ready to 
commence returning backward through the zodiac, for 
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during the time in which the earth will have passed 
through the arc EF Jupiter will have been slowed down 
between the points S and TJ, and will look to us almost sta- 
tionary. Later the earth coming to G, Jupiter at G (in op- 
position to the sun) will be seen in the zodiac at U, turned 
far back through the whole arc TU in the zodiac; but in.re- 
ality, following always its uniform course, it has advanced 
not only in its own circle but in the zodiac too, with respect 
to the center of the zodiac and to the sun which is located 
there. 

The earth and Jupiter then continuing their move- 
ments, when the earth is at H and Jupiter is at H, it will be 
seen as having returned far back through the zodiac by the 
whole arc UX; but the earth having arrived at I and Jupiter 
at J, it will apparently have moved in the zodiac by only the 
small space XY, and will there appear stationary. Then 
when the earth shall have progressed to K and Jupiter to K, 
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Jupiter will have advanced through the arc YN, in the zo- 
diac; and, continuing its course, from L the earth will see 
Jupiter at Z in the point Z. Finally, Jupiter at M will be seen 
from the earth at M to have passed to 4, still advancing. 
And its whole apparent retrograde motion in the zodiac 
will be as much as the arc TX, made by Jupiter while it is 
passing in its own circle through the arc FH, the earth 
going through FH in its orbit. 

Now what is said here of Jupiter is to be understood of 
Saturn and Mars also. In Saturn these retrogressions are 
somewhat more frequent than in Jupiter, because its mo- 
tion is slower than Jupiter’s, so that the earth overtakes it in 
a shorter time. In Mars they are rarer, its motion being 
faster than that of Jupiter, so that the earth spends more 
time in catching up with it. 

Next, as to Venus and Mercury, whose circles are in- 
cluded within that of the earth, stoppings and retrograde 
motions appear in them also, due not to any motion that 
really exists in them, but to the annual motion of the earth. 
This is acutely demonstrated by Copernicus, enlisting the 
aid of Apollonius of Perga, in chapter 35 of Book V in his 
Revolutions. 

You see, gentlemen, with what ease and simplicity the 
annual motion—if made by the earth—lends itself to sup- 
plying reasons for the apparent anomalies which are ob- 
served in the movements of the five planets, Saturn, 
Jupiter, Mars, Venus, and Mercury. It removes them all and 
reduces these movements to equable and regular motions; 
and it was Nicholas Copernicus who first clarified for us 
the reasons for this marvelous effect. 

But another effect, no less wonderful than this, and 
containing a knot perhaps even more difficult to untie, 
forces the human intellect to admit this annual rotation 
and to grant it to our terrestrial globe. This is a new 
and unprecedented theory touching the sun itself. For the 
sun has shown itself unwilling to stand alone in evad- 
ing the confirmation of so important a conclusion, and 
instead wants to be the greatest witness of all to this, 
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beyond exception. So now hear this new and mighty 
marvel. 

The original discoverer and observer of the solar spots 
(as indeed of all the other novelties in the skies) was our 
Lincean Academician; he discovered them in 1610, while 
he was still lecturer in mathematics at the University of 
Padua. He spoke about them to many people here in 
Venice, some of whom are yet living, and a year later he 
showed them to many gentlemen at Rome, as he tells in the 
first of his Letters to Mark Welser, Prefect of Augsburg. He was 
the first to affirm, against the opinions of those who were 
too timid or too solicitous about the inalterability of the 
heavens, that such spots were of a material which was pro- 
duced and dissolved within a brief time. As to their place, 
they were contiguous to the body of the sun and revolved 
about it, or rather completed their rotations by being on 
the very globe of the sun, which revolves upon its own 
center in the space of nearly one month. At the beginning 
he judged this motion to be made by the sun about an axis 
at right angles to the plane of the ecliptic, since the arcs 
described by these spots on the sun’s disc appeared to our 
eyes as straight lines parallel to the plane of the ecliptic. 
These, however, became altered in places by various wan- 
dering and irregular accidental movements to which they 
are subjected. In: this way they change place chaotically 
and without any order among themselves—several now 
gathering together, and then again dispersing; some divid- 
ing into many, and greatly changing their shapes, which 
are for the most part very extraordinary. And although 
such inconstant mutations would partly alter the original 
periodic course of these spots, our friend would not for 
that reason change his opinion so as to believe that for such 
deviations there were certain fixed and essential causes; 
he continued to believe that all the apparent alterations 
stemmed from some accidental mutations, exactly as 
would happen for someone who might observe from afar 
the motion of our clouds. These would appear to move 
with a very rapid and constant motion, carried around 
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every twenty-four hours by the whirling of the earth (if 
such a motion belonged to it) along circles parallel to the 
equator, but somewhat varied by incidental movements 
caused in them by winds, which drive them casually in all 
directions. 

It happened at this time that Welser sent to him some 
letters which had been written to him under the pseudo- 
nym “Apelle” on the subject of these spots, and urgently 
requested our friend to say frankly what he thought of 
these letters and to add his own opinion about the nature 
of such spots. This request he complied with in his three 
Letters, first showing how vain and foolish were the ideas of 
Apelle, next revealing his own opinions, and then predict- 
ing that no doubt Apelle, becoming better informed as 
time went on, would come around to his views, as indeed 
happened. And since it seemed to our Academician (just as 
it seemed to others who were informed about the natural 
facts) that in his Letters he had looked into and demon- 
strated everything that human reason could attain to in 

such matters, if not everything that human curiosity might 

seek and desire, he interrupted for a time his continual ob- 
servations, being occupied with other studies. It was only 
in order to gratify some friend that he would, from time to 
time, make a few observations with him. 

Now several years later, being with me at my Villa delle 
Selve and being enticed by a particularly clear and pro- 
tracted serenity of the heavens, he happened to find one of 
those solitary sunspots which are very large and thick, and 
at my request he made observations of its entire journey, 
carefully noting down its places from day to day when the 
sun was on the meridian. We perceived that its passage was 
not exactly in a straight line, but a somewhat bent one; and 
it occurred to us to make other observations from time to 
time. We were strongly encouraged to do this by an idea 
which suddenly struck the mind of my guest and which he 
imparted to me in the following words: 

“Filippo, it seems to me that the road is open for us into 
a matter of great consequence. For if the axis around 
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which the sun revolves is not perpendicular to the plane of 

the ecliptic, but is somewhat inclined to this—as the 

curved path just observed suggests to me—then we shall 

have a more solid and convincing theory of the sun and The con- 

earth than has ever yet been offered by anybody.” cept which 
Excited by so rich a promise, I begged him to disclose panes om 

his idea to me plainly, and he replied: “If the annual mo- the Lincean 

tion belongs to the earth—along the ecliptic and around es 

the sun—and if the sun is situated in the center of this cerning the 

ecliptic, and if it turns upon itself not around the axis of 8teat con- 

the ecliptic (which would be the axis of the earth’s annual ee 

motion) but around a tilted axis, then extraordinary lowed from 

_ changes would have to be seen by us in the apparent move- eee 

ments of the solar spots, provided we assume that the axis ‘ oa 

of the sun remains perpetually and unchangingly at the a 

same tilt with the same orientation toward the same point . the move- 

in the universe. In the first place the earth, traveling eG 

around the sun with the annual motion and carrying us foreseen by 

with it, would cause the passage of the spots to appear to the Acade- 

us to be sometimes along straight lines, but only twice a the a 

year; at all other times they would appear to make percep- motion 

tibly curved arcs. In the second place, the curvature of acne 

such arcs during one half of the year will appear to us as 

being tilted opposite to what appears in the other half. 

That is, for six months the convexity of the arcs will be 

toward the upper part of the solar disc, and for the other 

six months toward its lower part. Third, since the spots 

commence to appear and to our eyes are born, so to speak, 

at the left side of the solar disc, and then proceed so as to 

disappear and set at the right-hand side, the eastern points 

(that is, the first appearances) will for six months be lower 

than.the points of occultation opposite to them. During 

the other six months, the contrary will take place; that is, 

the spots originating at points more elevated, and descend- 

ing therefrom, they will disappear at the lowest points in 

their courses. Only on two days in the year will these 

points of rising and setting be balanced, after which the 


paths of the spots will begin to tilt by small degrees, as on 
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ascale. And from day to day this tilt will become larger, at- 
taining its greatest obliquity in three months and com- 
mencing from that point to diminish, being reduced once 
more to equilibrium in that much time again. For a fourth 
remarkable thing, it will happen that the day of maximum 
obliquity will be the same as that on which the passage will 
be made in a straight line; and on the day of equilibration, 
the arc of the journey will appear to be most curved of all. 
At other times, accordingly as the tilting diminishes and 
proceeds toward equilibrium, the curvature of the arcs of 


_ passage will increase.” 


SAGR. I know it is bad manners to interrupt your dis- 
course, Salviati, but I think it would be no worse to let you 
pour out more words when, as people say, they are falling 
on empty air. For to speak frankly, I cannot at present form 
any distinct idea for any of the conclusions you have an- 
nounced. Yet as taken thus generally and confusedly, they 
suggest to me matters of remarkable consequence, so I 
should like somehow to be put in better possession of 
them. 

SALV. The same thing happened to me that is happening 
to you, when these bare words were given to me by my 
my understanding by ] 
representing the facts 
for me upon a material 
instrument, which was 
nothing but an astro- 
nomical sphere, mak- 
ing use of some of its 
circles—though a different use from that which they oh 
narily serve. Now I shall remedy the absence of a sphere 
by making diagrams on paper as they are required. To rep- 
resent the first event which I related—that the passage of 
the spots could only twice a year appear to be made along 
straight lines—let us imagine this point O to be the center 
of the earth’s orbit (or let us say of the ecliptic) and like- 
wise of the globe of the sun itself, of which (considering 
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the great distance between it and the earth) we may sup- 
pose that we Terrestrials can see one-half. So let us de- 
scribe this circle ABCD around the center O; this will 
represent for us the extreme boundary which separates 
and divides the hemisphere of the sun which we can see 
from that which is hidden. Now since our eyes, like the 
center of the earth, are supposed to be in the plane of the 
ecliptic, in which the center of the sun lies likewise, if we. 
represent to ourselves the solar body as cut by the plane of 
the ecliptic, the section will appear to our eyes as a straight 
line. Let this be BOD, and suppose this to be perpendicu- 
lar to AOC, which will be the axis of the ae and of the 
annual motion of the terrestrial globe. 

Now let us suppose the solar body to revolve upon itself 
without its center moving. Let it revolve not around the 
axis AOC, which is perpendicular to the plane of the 
ecliptic, but around some other one, tilted a certain 
amount, which shall be EOI here; and let this fixed and im- 
mutable axis perpetually remain at the same inclination 
and point toward the same part of the firmament and of 
the universe. Since in the revolution of the solar globe 
each point of its surface, except the poles, describes the 
circumference of a circle, greater or lesser according as it 
is located more or less distant from the poles, let us take 
the point F equidistant from them, and denote the diame- 
ter FOG, which will be perpendicular to the axis EI and 
will be the diameter of the great circle described about the 
poles E and I. : 

Now assume that the earth, carrying us along with it, is 
at such a point on the ecliptic that the solar hemisphere 
which is visible to us is bounded by the circle ABCD; this, 
passing through the poles A and C (as it always does), 
passes also through the poles E and I. It is obvious that the 
great circle whose diameter is FG will be vertical to the 
circle ABCD, to which that ray is perpendicular which 
reaches our eyes from the center O. Therefore the same 
- ray falls in the plane of the circle whose diameter is FG 
and whose circumference therefore appears to us as a 
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straight line, and is the same as FG. Whenever a spot is at 
the point F, then, and is carried by the sun’s rotation, it will 
mark on the surface of the sun the circumference of that 
circle which appears to us as a straight line. Hence its pas- 
sage will appear straight, and so will the movements of the 
other spots which describe smaller circles in the same rev- 
olution, since all of these are parallel to the great circle, 
our eye being placed at an immense distance from them. 

Next, if you consider that after six months the earth 
will have run through half its orbit and will be situated op- 
posite that solar hemisphere which is now hidden from us, 
so that the boundary of the part seen by us will still be the 
same circle ABCD passing through the poles E and I, you 
will understand that the same thing will occur in the 
course of the spots. That is, all of them will appear to be 
made in straight lines. But since this will not happen unless 
the boundary passes through the poles E and I, and since 
this boundary changes from moment to moment because 
of the annual motion of the earth, its passage through the 
fixed poles E and I is momentary, and consequently the 
time of the motion when these spots will appear linear is 

_ momentary. 

From what has been said thus far, it may be understood 
how the motion of spots appearing first at side F and pro- 
ceeding toward G gives an ascending passage from left to 
right. But assuming the earth to be diametrically opposite, 
the spots will indeed appear to the left of the observer, 
near G, but their paths will descend toward F at the right. 

_ Now let us imagine the earth to be one quadrant re- 
moved from its present place, and let us denote in this sec- 
ond figure the boundary ABCD, and as before the axis AC, 
through which the plane of our meridian would pass. In 
this plane would also be the axis of the sun, with one of its 
poles toward us in the visible hemisphere, which pole we 
shall represent by the point E, and with the other pole, I, 
falling in the hidden hemisphere. The axis EI tilting thus 
with its upper part E toward us, the great circle described 
by the rotation of the sun will be BFDG here, whose visi- 
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ble half, that is, BFD, will no longer appear as a straight 
line (because of the poles E and I not being on the circum- 
ference ABCD), but will appear to us curved, with its con- 
vex part toward the bottom, C. And it is obvious that the 
same will hold for all lesser circles parallel to the great cir- 
cle BFD. It should also be understood that when the earth 
is diametrically opposite to this position, so that the other 
hemisphere of the sun is seen which is now hidden, one 
will see the same part DGB of the great circle curved, with 
its convex part toward the top, A; and the courses of the 
~ spots in this location will be first along the arc BFD and 
then along the other, DGB. And their first appearances and 
final disappearances, made near the points B and D, will be 
balanced, the former being neither more nor less elevated 
than the latter. 

Now let us. put the earth in such a place along the eclip- 
tic that neither the boundary ABCD nor the meridian AC 
passes through the poles of the axis EI, as I show you by 
drawing this third figure, where the visible pole E falls be- 
tween the arc of the boundary AB and the meridian sec- . 
tion AC; the diameter of thé great circle will be FOG, the 
visible semicircle being FNG and 
the hidden one GSE. The former has 
its convex part N curved toward the 
bottom part, and the latter curves 
with its summit S toward the upper 
part of the sun. The entrance and 
the exit of the spots (that is, the 
points F and G) will not be balanced 
as B and D were before, but F will be 
lower and G higher—though indeed with less difference 
than in the first diagram—also, the arc FNG will be 
curved, but not as much as BFD in the preceding case. 
Hence in this arrangement the paths of the spots will as- 
cend from F on the left to G on the right, and will be 
curved lines. Supposing the earth to be placed at the point 
diametrically opposite, so that the hemisphere of the sun 
here hidden will become visible and will be bounded by 
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the same rim ABCD, obviously the course of the spots will 
be perceived to be along the arc GSF, commencing at the 
upper point G (which will still be to the left of the ob- 
server) and going toward the boundary at the point F; de- 
scending toward the right. 

Once what I have explained is understood, I do not-be- 
lieve that any difficulty will remain in seeing how, from the 
passage of the boundary of the solar hemisphere through 
the poles of the sun’s rotation or through points near or far 
from these, all the diversities of the apparent courses of 
the spots originate, so that the more distant these poles are 
from this boundary, the more curved the said courses will 
be, and the less oblique. At the maximum distance, which 
occurs when the said poles are at the meridian section, the 
curvature becomes greatest and the obliquity least (that is, 
the latter is reduced to equilibrium, as the second diagram 
shows). On the other hand, when the poles are at the 
boundary, as the first figure shows, the tilt is a maximum 
and the curvature is a minimum (is reduced to straight- 
ness). As the boundary leaves the poles, the curvature be- 
gins to become perceptible, increasing as it goes, while the 
tilt or inclination becomes less. 

These are the strange changes which my guest told me 
would appear from one time to another in the courses of 
the sunspots, if it were true that the annual movement be- 
longed to the earth, while the sun, being located at the 
center of the ecliptic, rotated upon an axis that was not 
perpendicular but was tilted to the plane of the ecliptic. 
SAGR. I am quite convinced of these consequences, and 
believe that they will become better fixed in my mind 
when I examine them by placing a globe at this tilt and 
then looking at it from various angles. 

It now remains for you to tell us what happened after- 
ward with regard to the outcome of these conjectured re- 
sults. 

SALV. It came about that, continuing to make very careful 
observations for many, many months, and noting with con- 
summate accuracy the paths of various spots at different 
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times of the year, we found the results to accord exactly 
with the predictions. 

SAGR. Simplicio, if what Salviati is telling us here is true 
(and it would be improper for us to doubt his word), the 
Ptolemaics and the Aristotelians will need most solid ar- 
guments, great theories, and sound experiments to offset 
so weighty a discovery and to save their opinions from ul- 
timate defeat. 

SIMP. Step gently, my friend; perhaps you have not got so 
far as you think you have. For although I have not entirely 
mastered the content of Salviati’s discourse, still, when I 
consider the form of the argument, I cannot see that my 
logic teaches me that this mode of reasoning necessarily 
forces me to any conclusion in favor of the Copernican 
~ hypothesis; that is, of the stability of the sun in the center 
of the zodiac and the mobility of the earth around its cir- 
cumference. For while it is true that assuming the rotation 
of the sun and the circulation of the earth, such-and-such 
peculiarities must necessarily be perceived in the sunspots, 
it does not therefore necessarily follow that, arguing from 
the converse, from perceiving these oddities in the spots 
one must necessarily conclude that the earth does move 
around the circumference of the zodiac while the sun is 
posted in its center. For who is there to assure me that such 
peculiarities might not also be seen in a sun moving along 
the ecliptic, by inhabitants of an earth stationary in its cen- 
ter? Unless you first demonstrate to me that such an ap- 
pearance cannot be accounted for when the sun is made 
movable and the earth fixed, J shall not change my opinion, 
nor believe that the sun moves and the earth remains at 
rest. 

SAGR. Simplicio is behaving bravely, and he battles very 
cleverly to sustain the Aristotelian and Ptolemaic side. To 
tell the truth, it seems to me that conversing with Salviati 
even for such a short time has considerably increased his 
capacity to reason rigorously—an effect which I hear that 
this has had on other people, too. Now as to this inquiry 
and decision (as to whether it is possible to give an ade- 
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quate cause for the visible peculiarities of the movements 
of the sunspots while leaving the earth motionless and 
keeping the sun in motion), I hope that Salviati will open 
his thoughts to us. For it is certainly reasonable to believe 
that he has reflected upon it and has deduced as much 
along that line as is possible. 
SALV. I have thought about it many times, and have also 
talked it over with my friend and guest, and as to that which 
can be adduced by philosophers and astronomers in de- 
fense of the ancient system, we are sure of one thing. This 
is that the true pure Peripatetics, laughing at anyone who 
employs himself in what (to their thinking) are empty fool- 
eries, will pretend that all these appearances are vain illu- 
sions of the lenses, and will thus free themselves with little 
trouble from the obligation of thinking any more about it. 
But as for scientific astronomers, after having given very 
careful thought to what might be said on this matter, we 
have not found under the ancient system any reply ade- 
quate to harmonize the course of the spots with human 
reason. I shall tell you what occurred to us, and you may 
make whatever use of it your own discretion tells you to. 
Assuming that the visible motions of the sunspots are as 
we have declared above, and assuming the earth to be im- 
movable in the center of the ecliptic, on whose circumfer- 
ence the center of the sun is placed, it is necessary that all 
the diversity which is perceived in these movements shall 
have causes residing in the motions of the solar body. In 
the first place this must revolve upon itself and carry along 
with it the spots, which have been assumed and even 
demonstrated to adhere to the surface of the sun. Sec- 
ondly, it will be necessary to say that the axis of the sun’s 
rotation is not parallel to the axis of the ecliptic, which 
amounts to saying that it is not perpendicular to the plane 
of the ecliptic. For if it were, the passages of these spots 
would appear to us to be made in straight lines, and paral- 
lel to the ecliptic. Therefore this axis is tilted, since the 
courses for the most part appear to be made along curved 
lines. 
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Thirdly, one must say that the tilt of this axis is not 
fixed, and facing continually toward the same point of the 
universe, but that it changes its direction from one mo- 
ment to another. For if the obliquity were always pointed 
in the same direction, the paths of the spots would never 
change their appearances; whether they were straight or 
curved, bent up or down, ascended or descended, they 
would appear the same at one time as at another. Thus one 
would have to say that the axis was variable, and found it- 
self sometimes in the plane of the extreme bounding cir- 
cle of the visible hemisphere (I mean at those times when 
the passages of the spots appeared to be made in straight 
lines and were most oblique of all, which occurs twice a 
year), and then at other times in the meridian plane of the 
observer, so that one of its poles would fall in the visible 
solar hemisphere and the other in the hidden one—both 
being distant from the extreme points (let us call them the 
poles) of another axis of the sun which would be parallel 
to the axis of the ecliptic and would necessarily have to be 
assigned to the sun; as far distant, that is, as the tilt of the 
axis of revolution of the spots would indicate. Add to this 
that the pole falling in the visible hemisphere would be in 
the upper part at one time and in the lower at another. A 
necessary argument for this is given by what happens to 
the paths when they are level and at their maximum cur- 
vature, once with their convexity toward the lower side 
and again with it toward the upper part of the solar disc. 

And since such states would be continually altering, 
making the tilting and the curvature now greater and now 
less, the former being sometimes reduced to complete 
equilibrium and the latter to perfect straightness, this axis 
of monthly revolution of the spots would have to be sup- 
posed to possess a rotation of its own, by which its poles 
would describe two circles around the poles of another 
axis (which would thereby be assigned to the sun), the ra- 
dius of which circles would correspond to the degree of 
tilt of this axis. And it would be required that its period 
should be one year, since that is the time in which all the 
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appearances and diversities in the paths of the spots are re- 
peated. That the rotation of this axis should be made about 
the poles of another axis parallel to that of the ecliptic, 
and not around any other points, is clearly indicated by the 
maximum tilts and the maximum curvatures, which are al- 
ways of the same magnitude. 

Hence finally it will be necessary, in order to keep the 
earth fixed in the center, to attribute to the sun two move- 
ments around its own center, on two different axes, one of 
which would complete its rotation in a year, and the other 
in less than a month. To my mind, such an assumption 
seems very difficult, almost impossible; this arises from 
having to attribute to the same solar body two other move- 
ments about the earth on different axes, tracing out the 
ecliptic in a year with one of these, and with the other 
forming spirals or circles parallel to the equinoctial plane, 
one a day. ; 

And as to that third movement which must be assigned 
to the sun itself ({ am not speaking of the quasi-monthly 
one which carries the spots, but of that other one which 
must convey the axis and the poles of this monthly one), 
no reason whatever is to be seen why it should complete its 
motion in a year (as dependent upon the annual motion 
along the ecliptic) rather than in twenty-four hours (as de- 
pendent upon the diurnal motion about the poles of the 
equinoctial). I know that what I am saying is rather obscure 
at present, but it will be obvious to you when we come to 
speak of that third motion (an annual one) assigned by 
Copernicus to the earth. 

Now if these four motions, so incongruous with each 
other and yet necessarily all attributable to the single body 

of the sun, could be reduced to a single and very simple 
one, the sun being assigned one inalterable axis; and if 
with no innovations in the movements assigned by so many 
other observations to the terrestrial globe, one could still 
easily preserve the many peculiar appearances in the 
movements of the solar spots, then really it seems to me 
that this decision could not be rejected. 
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This, Simplicio, is all that occurred to my friend and to 
myself regarding that which might be adduced in explana- 
tion of the appearances in defense of their opinions by the 
Copernicans and by the Ptolemaics. You may do with it 
whatever your own judgment persuades you to do. 

SIMP. I recognize my own incapacity to take upon myself 
so important a decision. As to my own ideas, I remain neu- 
tral, in the hope that a time will come when the mind will 
be freed by an illumination from higher contemplations 
than these of our human reasoning, and all the mists which 
keep it darkened will be swept away. 

SAGR. Simplicio’s counsel is excellent and pious, and 
worthy of being accepted and followed by everyone, since 
only that which is derived from the highest wisdom and 
supreme authority may be embraced with complete secu- 
rity. But so far as human reason is allowed to penetrate, 
confining myself within the bounds of theory and of prob- 
able causes, I shall indeed say (with a little more boldness 
than Simplicio exhibits) that I have not, among all the 
many profundities that I have ever heard, met with any- 
thing which is more wonderful to my intellect or has more 
decisively captured my mind (outside of pure geometrical 
and arithmetical proofs) than these two conjectures, one of 
which is taken from the stoppings and retrograde motions 
of the five planets, and the other from the peculiarities of 
movement of the sunspots. And it appears to me that they 
yield easily and clearly the true cause of such strange 
phenomena, showing the reason for such phenomena to 
be a simple motion which is mixed with many others that 
are also simple but that differ among themselves. More- 
over they show this without introducing any difficulties; 
rather, they remove all those which accompany other 
viewpoints. So much so that I am rapidly coming to the 
conclusion that those who remain hostile toward this doc- 
trine must either not have heard it or must not have un- 
derstood these arguments, which are so numerous and so 
conclusive. 

SALY. I do not give these arguments the status of either 
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conclusiveness or of inconclusiveness, since (as I have said 
before) my intention has not been to solve anything about 
this momentous question, but merely to set forth those 
physical and astronomical reasons which the two sides can 
give me to set forth. I leave to others the decision, which 
ultimately should not be ambiguous, since one of the 
arrangements must be true and the other false. Hence it is 
not possible within the bounds of human learning that the 
reasons adopted by the right side should be anything but 
clearly conclusive, and those opposed to them, vain and 
ineffective. 
SAGR. Then it is now time for us to hear the other side, 
from that booklet of theses or disquisitions which Simpli- 
cio has brought back with him. 
Simp. Here is the book, and here is the place in which the 
author first briefly describes the system of the world 
according to the position of Copernicus, saying: Terram 
igitur una cum Luna totoque hoc elementari Copernicus etc. 
(“Therefore the earth, together with the moon and all this 
elemental world, Copernicus” etc.) 
SALv. Wait a bit, Simplicio; for it seems to me that this au- 
thor at the very outset declares himself to be very ill- 
informed about the position he undertakes to refute, when 
he says that Copernicus makes the earth together with the 
moon trace out the orbis magnus in a year, moving from east 
to west, a thing which, as it is false and impossible, has ac- 
cordingly never been uttered by Copernicus. Indeed, he 
makes it go in the opposite direction (J mean from west to 
east; that is, in the order of the signs of the zodiac), so that 
- it appears that the annual motion belongs to the sun, which 
is placed immovably in the center of the zodiac. 

You see the excessive boldness of this man’s self- 
confidence, setting himself up to refute another’s doc- 
trine while remaining ignorant of the basic foundations 
upon which the greatest and most important parts of the 
whole structure are supported. This is a poor beginning 
for gaining the confidence of the reader, but let us 
proceed. 
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. SIMP. The system of the universe explained, he begins to Objections 
propose his objections against the annual movement. The ‘oma 
first of these he utters ironically, in derision of Copernicus ae 
and his followers, writing that in this fantastic arrangement peepee in 
of the world one must affirm the most sublime inanities: seat 
That the sun, Venus, and Mercury are beneath the earth; Copernicus. 
that heavy material naturally ascends and light stuff de- 

scends; that Christ, our Saviour and Redeemer, rose to hell 

and descended into heaven when He approached the sun. 

That when Joshua commanded the sun to stand still, the 

earth stood still—or else the sun moved opposite to the 

earth; that when the sun is in Cancer, the earth.is running 
through Capricorn, so that the winter signs make the sum- 

mer and the spring signs the autumn; that the stars do not 

rise and set for the earth, but the earth for them; and that 

the east starts in the west while the west begins in the east; 

in a word, that nearly the whole course of the world is 

turned inside out. 

SALV. All of this is satisfactory to me except his having 

mixed passages from the ever venerable and mighty Holy 
Scriptures among these apish puerilities, and his having 

tried to utilize sacred things for wounding anybody who 

might, without either affirming or denying anything, phi- 
losophize jokingly and in sport, having made certain as- 
sumptions and desiring to argue about them among 
friends. ' 7 

SiMP. Truly he scandalized me too, and not a little; espe- 

cially later, when he adds that if indeed the Copernicans 

answer these and the like arguments in some distorted way, 

they still will not be able to answer satisfactorily some 

things which come later. 

SALV. Oh, that is worst of all, for he is pretending to have 

things which are more effective and convincing than the 
authority of Holy Writ. But let us, for our part, revere it, 

and pass on to physical and human arguments. Yet if he 

does not adduce among his physical arguments matters 

which make more sense than those set forth up to this 

point, we may as well abandon him entirely. I am certainly 
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not in favor of wasting words answering such trifling tom- 
fooleries. And as for his saying that the Copernicans do 
reply to these objections, that is quite false. I cannot be-' 
lieve that any man would put himself to such a — 
waste of time. 

S1MpP. I, too, concur in this decision; let us, then, listen to 
his other objections, which are more strongly supported. 
Now here, as you see, he deduces with very precise calcu- 
lations that if the orbit in which Copernicus makes the 
earth travel around the sun in a year were scarcely percep- 
tible with respect to the immensity of the stellar sphere, as 
Copernicus says must be assumed, then one would have to 
declare and maintain that the fixed stars were at an incon- 
ceivable distance from us, and that the smallest of them 
would be much larger than this whole orbit, while others 
would be larger than the orbit of Saturn. Yet such bulks are 
truly too vast, and are incomprehensible and unbelievable. 
SALV. I have indeed seen something similar argued 
against Copernicus by Tycho, so this is not the first time 
that I have revealed the fallacy—or better, the fallacies— 
of this argument, built as it is upon completely false hy- 
potheses. It is based upon a dictum of Copernicus which is 
taken by his adversaries with rigorous literalness, as do 
those quarrelsome people who, being wrong about the 
principal issue of the case, seize upon some single word 
accidentally uttered by their opponents and make a great 
fuss about it without ever letting up. 

For your better comprehension, know that Copernicus 
first explains the remarkable consequences to the various 
planets deriving from the annual movement of the earth; 
in particular the forward and retrograde movements of the 
three outer planets. Then he adds that these apparent mu- 
tations which are perceived to be greater in Mars than in 
Jupiter, from Jupiter’s being more distant, and still less in 
Saturn, from its being farther away than Jupiter, remain 
imperceptible in the fixed stars because of their immense 
distance from us in comparison with the distance of 
Jupiter or of Saturn. Here the adversaries of this opinion 
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rise up, and take what Copernicus has called “impercepti- The appar- 
ble” as having been assumed by him to be really and ab- ent diver- 
solutely nonexistent. Remarking that even the smallest of pean a 
the fixed stars is still perceptible, since it strikes our sense \ the planets 
of sight, they set themselves to calculating (with the intro- a ie 
duction of still more false assumptions), and deduce that _ the fixed 


in Copernicus’s doctrine one must admit that a fixed staris stars. 


much larger than the orbit of the earth. Assuming 
Now in order to reveal the folly of their entire method, hat a 
star of the 


I shall show that by assuming that a star of the sixth mag- © sixth mag- 
nitude may be no larger than the sun, one may deduce by nitude is no 
means of correct demonstrations that the distance of the ae. 
fixed stars from us is sufficiently great to make quite im- diversity 
perceptible in them the annual movement of the earth whichis 7 
. . agape eat in the 
which in turn causes such large and observable variations ec oe 
in the planets. Simultaneously I shall clearly expose to you © mains in- 
‘ : : : sensible in 
a gigantic fallacy in the assumptions made by the adver- 5 
saries of Copernicus. eae 
To begin with, I assume along with Copernicus and in 
agreement with his opponents that the radius of the earth’s . Distance to 
orbit, which is the distance from the sun to the earth, con- ie me, 
. os . ains 
tains 1,208 of the earth’s radii. Secondly, I assume with the _ -adii of the 
same concurrence and in accordance with the truth that earth. 
the apparent diameter of the sun at its average distance is Diameter of 
about one-half a degree, or 30 minutes; this is 1,800 sec- a —_ 
2 aeesalis . one-naif a 
onds, or 108,000 third-order divisions. And since the ap- degree. 
parent diameter of a fixed star of the first magnitude is nO pjameter of 
more than 5 seconds, or 300 thirds, and the diameter of a fixed star 
one of the sixth magnitude measures 50 thirds (and here is ep 
the greatest error of Copernicus’s adversaries), then the and of acl 
diameter of the sun contains the diameter of a fixed star of of the sixth. 
the sixth magnitude 2,160 times. Therefore if one assumes How much 
that a fixed star of the sixth magnitude is really equal to ‘° @PP@"- 
‘ Q 5 ent diame- 
the sun and not larger, this amounts to saying that if the ter of the 
sun moved away until its diameter looked to be “wth of sun exceeds 
: on faith b that of a 
what it now appears to be, its distance would have to be ¢ 04 star. 
2,160 times what it is in fact now. This is the same as to say py. ice of 


that the distance of a fixed star of the sixth magnitude is a fixed star 
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2,160 radii of the earth’s orbit. And since the distance from 


the earth to the sun is commonly granted to contain 1,208 
radii of the earth, and the distance of the fixed star is, as we 
said, 2,160 radii of the orbit, then the radius of the earth in 
relation to that of its orbit is much greater than (almost 
double) the radius of that orbit in relation to the stellar 
sphere. Therefore the difference in aspect of the fixed star 
caused by the diameter of the earth’s orbit would be little 
more noticeable than that which is observed in the sun due 
to the radius of the earth. 

SAGR. Fora first step, this is a bad fall. 

SALV. It is indeed wrong, since according to this author a 
star of the sixth magnitude would have to be as large as the 
earth’s orbit in order to justify the dictum of Copernicus. 
Yet assuming it to be equal only to the sun, which in turn is 
rather less than one ten-millionth of that orbit, makes the 
stellar sphere so large and distant that this alone is suffi- 
cient to remove this objection against Copernicus. 

SAGR. Please make this computation for me. 

SALV. The calculation is very short and simple. The diam- 
eter of the sun is 11 radii of the earth, and the diameter of 
the earth’s orbit contains 2,416 of these radii, as both par- 
ties agree. So the diameter of the orbit contains that of the 
sun approximately 220 times, and since spheres are to each 
other as the cubes of their diameters, we take the cube of 
220 and we have the orbit 10,648,000 times as large as the 
sun. The author would say that a star of the sixth magni- 
tude would have to be equal to this orbit. 

SAGR. Then their error consists in their having been very 
much deceived in taking the apparent diameter of the 
fixed stars. : 
SALV. That is the error, but not the only one. And truly I. 
am quite surprised at the number of astronomers, and fa- 
mous ones too, who have been quite mistaken in their de- 
terminations of the sizes of the fixed as well as the moving 
stars, only the two great luminaries being excepted. 
Among these men are al-Fergani, al-Battani, Thabit ben 
Korah, and more recently Tycho, Clavius, and all the pre- 
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decessors of our Academician. For they did not take care 
of the adventitious irradiation which deceptively makes 
the stars look a hundred or more times as large as they are 
when seen without haloes. Nor can these men be excused 
for their carelessness; it was within their power to see the 
bare stars at their pleasure, for it suffices to look at them 
when they first appear in the evening, or just before they 
vanish at dawn. And Venus, if nothing else, should have 
warned them of their mistake, being frequently seen in 
daytime so small that it takes sharp eyesight to see it, 
though in the following night it appears like a great torch. 
I will not believe that they thought the true disc of a torch 
was as it appears in profound darkness, rather than as it is 
when perceived in lighted surroundings; for our lights seen 
from afar at night look large, but from near at hand their 
true flames are seen to be small and circumscribed. This 
alone might have sufficed to make them cautious. 

To speak quite frankly, I thoroughly believe that none 
of them—not even Tycho himself, accurate as he was in 
handling astronomical instruments and despite his having 
built such large and accurate ones without a thought for 
their enormous expense—ever set himself to determine 
and measure the apparent diameter of any star except the 
sun and moon. I think that arbitrarily and, so to speak, by 
rule of thumb some one among the most ancient as- 
tronomers stated that such-and-such was the case, and the 
later ones without any further experiment adhered to what 
this first one had declared. For if any of them had applied 
himself to making any test of the matter, he would doubt- 
less have detected the error. 

SAGR. But if they lacked the telescope (for you have al- 
ready said that our friend came to know the truth of the 
matter by means of that instrument), they ought to be par- 
doned, not accused of negligence. — 

SALV. That would be true if they could not have obtained 
the result without the telescope. It is true that the tele- 
scope, by showing the disc of the star bare and very many 
times enlarged, renders the operations much easier; but 
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one could carry them on without it, though not with the 
same accuracy. I have done so, and this is the method | 
have used. J hung up a light rope in the direction of a star 
(I made use of Vega, which rises between the north and the 
northeast) and then by approaching and retreating from 
this cord placed between me and the star, I found the point 
where its width just hid the star from me. This done, I 
found the distance of my eye from the cord, which 
amounts to the same thing as one of the sides which in- 
cludes the angle formed at my eye and extending over the 
breadth of the cord. This is similar to, or rather equal to, 
the angle made in the stellar sphere by the diameter of the 
star. From the ratio of the thickness of the cord to its 
distance from my eye, using a table of arcs and chords, I 
immediately found the size of the angle—taking the cus- 
tomary precaution, used in determining such very acute 
angles, not to put the intersection of the visual rays at 
the center of my eye, where they would not go if they 
were not refracted, but beyond the location of the eye 
where the actual width of the pupil would permit them to 
converge. 

SAGR. I understand this precaution, though I somewhat 
question it; what bothers me most in this operation is that — 
if itis made in the dark of night, it seems to me that one is 
measuring the diameter of the irradiated disc and not that 
of the true and naked star. 

SALYV. Not a bit; for the string, by covering the bare body 
of the star, takes away the halo belonging not to it but to 
our eyes; of this it is deprived the moment the true disc is 
hidden. In making the observation you will be astonished 
to see how thin a rope will cover that great torch which 
seemed incapable of being hidden except by a much larger 
obstacle. 

Next, in order to determine the thickness of such a cord 
and to measure it very accurately to see how many thick- 
nesses of such a string comprise the distance to the eye, I 
do not take a single diameter of it, but join many pieces on 
a table so that they touch. Then I use a pair of dividers to 

, Ss 
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take the entire space occupied by fifteen or twenty of 
them, and with this I measure the distance from the cord to 
the focus of the visual rays, this having been previously 
marked on another string. By this very precise operation I 
find that the apparent diameter of a star of the first magni- 
tude (commonly believed to be two minutes, and even put 
at three by Tycho in his Astronomical Letters, p. 167) is no 
more than five seconds, which is one twenty-fourth or one 
thirty-sixth of what they thought. Now you see what a se- 
rious mistake their doctrine is based upon. 
SAGR. I see, and J quite understand. But before going fur- 
ther I should like to propose the question which occurred 
to me about finding the meeting point of the visual rays 
included within very acute angles. My trouble arises from 
the impression that this intersection might vary in its loca- 
tion not on account of the greater or smaller size of the ob- 
ject looked at, but because of a certain other respect in 
which it seems to me that the meeting of the rays might be 
farther from or closer to the eye when looking at objects of 
the same size. : 
SALV. I see already where your perspicacity is leading 
you, Sagredo. You are a careful observer of nature; I'll 
wager anything that not more than one out of every thou- 
sand people who have observed the extreme contraction 
and dilation of the pupil in a cat’s eye have observed a like 
effect in the human pupil, depending upon whether it is 
looking through a well or a poorly lighted medium. In 
daylight the circlet of the eye is much diminished; when 
looking at the disc of the sun, it is reduced to a size smaller 
than a millet seed; but when looking at nonshining objects 
in a dark medium, it dilates to the size of a pea or larger. In 
general this enlargement and reduction varies in much 
more than a tenfold ratio, from which it is obvious that 
when the pupil is much dilated, the angle of intersection 
of the rays must be farther away from the eye, as happens 
when looking at poorly lighted objects. It is Sagredo who 
has just furnished me with this doctrine, and it warns us 
that if a very accurate observation of great importance 
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were to be made, we should conduct our investigation of 
that intersection by performing an experiment concerning 
this. But in the present case, in order to reveal the error of 
the astronomers, you do not need such accuracy; for even 
if we favor them by assuming that the intersection is made 
right at the pupil itself, it does not much matter, their error 
being so enormous. I am not sure that this is what you 
meant, Sagredo. 

SAGR. It is, exactly; and I am glad that it was not unrea- 
sonable, as I am assured by your being in accord. But I 
should like to take advantage of this opportunity to hear 
how the distance to the intersection of the visual rays may 
be determined. 

SALV. The method is very easy, and it is as follows: I take 
two strips of paper, one black and the other white, making 
the black strip half the width of the white. I attach the 
white one to a wall, and fix the other at a distance of some 
15 or 20 yards from it on a stick or some other support. 
Then I move away an equal distance from this in the same 
direction, and it is obvious enough that at this distance 
those straight lines intersect which, leaving from the edges 
of the white paper, would just touch in passing the edges of 
the strip placed midway between. From this it follows that 
the eye being placed at this intersection, the black strip 
in the center would just hide the white one, provided vi- 
sion took place in a single point. But if we should find that 
the edges of the white strip could still be seen, it would 
argue necessarily that the visual rays are not converging at 
one point alone. And to make the white strip stay hidden 
by the black one, the eye would have to be brought closer. 
This done so that the central strip hides the distant one, 
and the amount of the required approach being noted, this 
amount will be a safe measure of the distance from the eye 
of the true intersection of the visual rays in such opera- 
tions. Moreover, we shall thus have the diameter of the 
pupil, or rather of the hole upon which the visual rays im- 
pinge. For its proportion to the width of the black paper 
will be that which is borne to the distance between the two 


The Third Day - 423 


papers by the distance from the intersection of the lines 

produced along the edges of the papers to the place where 

the eye was when it first saw the more distant paper hidden 
_ by the intermediate one. 

Therefore if we wish to measure accurately the appar- 
ent diameter of a star, the observations being made in the 
above manner, it will be necessary to compare the diame- 
ter of the cord with the diameter of the pupil. Finding the 
diameter of the former to be, for example, four times that 
of the pupil, and the distance from the eye to the cord 
being 30 yards, we should say the true intersection of the 

‘lines produced from the edges of the diameter of the star 
along the edges of the cord would be found 40 yards from 
- the cord. In this way the ratio between the distance from 
the cord to the intersection of the said lines and the dis- 
tances from that intersection to the location of the eye will 
be in the proper proportion, which must be the same as 
that which holds between the diameter of the cord and the 
diameter of the pupil. 
SAGR. I understand. Now let us hear what sais has 
to say in defense of the adversaries of Copernicus. 
Simp. Although Salviati’s discourse has greatly lessened 
that huge and incredible impropriety which these adver- 
saries of Copernicus point out, this does not seem to me to 
be so completely removed as to have no longer enough 
force to upset his view. For if I properly understood the 
last and principal conclusion, then when one assumes the 
star of the sixth magnitude to be as large as the sun (which 
seems to me a remarkable assumption), it still remains true 
that the earth’s orbit would necessarily cause changes and 
variations in the stellar sphere similar to the observable 
changes produced by the earth’s radius in regard to the 
sun. No such changes, or even smaller ones, being ob- 
served among the fixed stars, it appears to me that by this 
fact the annual movement of the earth is rendered unten- 
able and is overthrown. 
SALV. You would do well to conclude so, Simplicio, were 
there nothing more to be said for Copernicus’s side; but a 
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great deal more remains. As to your rejoinder, nothing pre- 
vents our supposing that the distance of the fixed stars is 
still much greater than has been assumed. You yourself, 
and anyone else there may be who does not want to dis- 
parage the propositions accepted by Ptolemy’s followers, 
must find it a very convenient thing to suppose the stellar 
sphere to be enormously larger than we have said it must 
be considered thus far. For all astronomers agree that a 
slower rotation is caused for planets by increasing their or- 
bits, and that it is for this reason that Saturn is slower than 
Jupiter, and Jupiter than the sun (because the first named 
must describe a larger circle than the second, and that one 
than the next, etc.). The orbit of Saturn, for example, is 9 
times as far away as that of the sun, and the resulting time 
of one revolution for Saturn is 30 times as long as that of 
one circuit of the sun. Now seeing that in Ptolemy’s doc- 
trine one revolution of the stellar sphere is completed in 
36,000 years, whereas that of Saturn is completed in 30 
years and that of the sun in one year, we may reason as fol- 
lows with such ratios: 

If Saturn’s orbit, by being 9 times as large as that of the 
sun, has 30 times as long a period of revolution, then pro- 
portionately how large should that orbit be in which the 
rotation is 36,000 times slower? It comes out that the dis- 
tance of the stellar sphere must be 10,800 radii of the 
earth’s:orbit—which would be just 5 times as large as we 
calculated a little while ago for it if a star of the sixth mag- 
nitude were as large as the sun. Now you see how much 
less, on this account, should be the variations caused in it 
by the annual motion of the earth. 

And if we wanted to figure out the distance of the stel- 
lar sphere from similar relations of Jupiter and Mars, the 
former would give us 15,000 and the latter 27,000 radii of 
the earth’s orbit, that is, even more (the former by 7 times 
and the latter by 12) than was derived by supposing the size 
of a fixed star to be equal to that of the sun. 

SIMP. It seems to me that to this one might reply that 
since the time of Ptolemy the motion of the stellar sphere 
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has been observed to be not so slow as he thought it was. I 

think I have even heard that it was Copernicus himself 

who observed this. 

SALV. Right you are, but you are not saying anything 

which is favorable in any way to the cause of the Ptole- 

maics, who have never rejected the 36,000-year motion of 

the stellar sphere on account of such slowness making it 

too vast and too immense. If such immensity is not to be 

allowed in nature, then they should long ago have denied 

so slow a rotation, which cannot be adapted with good pro- 

portion to any sphere except one of monstrous size. 

SAGR. Please, Salviati, let us waste no more time invoking 

these ratios against people who are ready to accept the 

most disproportionate things; absolutely nothing is to be 

gained against them by this route. What more dispropor- 

tionate ratios can be imagined than those which these peo- 

ple grant and allow to pass without comment? First they 

write that there cannot be a more suitable way for us to 

order the celestial spheres than by arranging them accord- 

ing to the variations of their periodic times, putting the 

slower beyond the faster, and they place the stellar sphere 

highest, as the slowest of all; then afterward they have put 

one more, still higher, and thereby still larger, and made it 

move around in twenty-four hours when the next one be- 

neath it takes 36,000 years! But enough was said yesterday 

about these monstrosities. 

SALV. Simplicio, I wish you could for a moment put aside Immense 
your affection for the followers of your doctrines and tell a 
me frankly whether you believe that they comprehend in are incom- 
their own minds this magnitude which they subsequently ' prehensible 
decide cannot be ascribed to the universe because of its j°0" satel 
immensity. | myself believe that they do not. It seems to 

me that here the situation is just as it is with the grasp of 
numbers when one gets up into the thousands of millions, 

and the imagination becomes confused and can form no 
concept. The same thing happens in comprehending the 
magnitudes of immense distances; there comes into our 
reasoning an effect similar to that which occurs to the 
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senses on a serene night, when I look at the stars and judge 
by sight that their distance is but a few miles, or that the 
fixed stars are not a bit farther off than Jupiter, Saturn, or 
even the moon. . 

But aside from all this, consider those previous disputes 
between the astronomers and the Peripatetic philosophers 
about the reasoning as to the distance of the new stars in 
Cassiopeia and Sagittarius, the astronomers placing these 
among the fixed stars and the philosophers believing them 
to be closer than the moon. How powerless are our senses 
to distinguish large distances from extremely large ones, 
even when the latter are in fact many thousands of times 
the larger! 

And finally I ask you, O foolish man: Does your imagi- 
nation first comprehend some magnitude for the universe, 
which you then judge to be too vast? If it does, do you like 
imagining that your comprehension extends beyond the 
Divine power? Would you like to imagine to yourself 
things greater than God can accomplish? And if it does not 
comprehend this, then why do you pass judgment upon 
things you do not understand? 

SIMP. These arguments are very good, and no one denies 
that the size of the heavens may exceed our imaginings, 
since God could have created it even thousands of times 
larger than it is. But must we not admit that nothing has 
been created in vain, or is idle, in the universe? Now when 
we see this beautiful order among the planets, they being 
arranged around the earth at distances commensurate with 
their producing upon it their effects for our benefit, to 
what end would there then be interposed between the 
highest of their orbits (namely, Saturn’s), and the stellar 
sphere, a vast space without anything in it, superfluous, 
and vain? For the use and convenience of whom? : 
SALV. It seems to me that we take too much upon our- 
selves, Simplicio, when we will have it that merely taking 
care of us is the adequate work of Divine wisdom and 
power, and the limit beyond which it creates and disposes 
-of nothing. I should not like to have us tie its hand so. We 
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should be quite content in the knowledge that God and 
_ Nature are so occupied with the government of human af- 
fairs that they could not apply themselves more to us even 
if they had no other cares to attend to than those of the 
human race alone. I believe that I can explain what I mean 
by a very appropriate and most noble example, derived 
from the action of the light of the sun. For when the sun 
draws up some vapors here, or warms a plant there, it 
draws these and warms this as if it had nothing else to do. 
Even in ripening a bunch of grapes, or perhaps just a sin- 
gle grape, it applies itself so effectively that it could not do 
more even if the goal of all its affairs were just the ripen- 
ing of this one grape. Now if this grape receives from the 
sun everything it can receive, and is not deprived of the 
least thing by the sun simultaneously producing thousands 
and thousands of other results, then that grape would be 
guilty of pride or envy if it believed or demanded that the 
action of the sun’s rays should be employed upon itself 
alone. 

I am certain that Divine Providence omits none of the 
things which look to the government of human affairs, but 
I cannot bring myself to believe that there may not be 
other things in the universe dependent upon the infinity of 
its wisdom, at least so far as my reason informs me; yet if 
the facts were otherwise, I should not resist believing in 
reasoning which I had borrowed from a higher under- 
standing. Meanwhile, when I am told that an immense 
space interposed between the planetary orbits and the 
starry sphere would be useless and vain, being idle and de- 
void of stars, and that any immensity going beyond our 
comprehension would be superfluous for holding the 
fixed stars, I say that it is brash for our feebleness to at- 
tempt to judge the reason for God’s actions, and to call 


everything in the universe vain and superfluous which. 


does not serve us. 

SAGR. Say rather, and [ think you will be speaking more 
accurately, “which we do not know to serve us.” I believe 
that one of the greatest pieces of arrogance, or rather mad- 
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ness, that can be thought of is to say, “Since I do not know 
how Jupiter or Saturn is of service to me, they are super- 
fluous, and even do not exist.” Because, O deluded man, 
neither do I know how my arteries are of service to me, 
nor my cartilages, spleen, or gall; I should not even know 
that I had gall, or a spleen, or kidneys, if they had not been 
shown to me in many dissected corpses. Even then I could 
understand what my spleen does for me only if it were re- 
moved. In order to understand how some celestial body 
acted upon me (since you want all their actions to be di- 
rected at me), it would be necessary to remove that body 
for a while, and say that whatever effect I might then wii 
to be missing in me depended upon that star. 

Besides, what does it mean to say that the space be- 

tween Saturn and the fixed stars, which these men call too 
vast and useless, is empty of world bodies? That we do not 
see them, perhaps? Then did the four satellites of Jupiter 
and the companions of Saturn come into the heavens 
when we began seeing them, and not before? Were there 
not innumerable other fixed stars before men began to see 
them? The nebulae were once only little white patches; 
have we with our telescopes made them become clusters 
of many bright and beautiful stars? Oh, the presumptuous, 
rash ignorance of mankind! 
SALV. There is no need, Sagredo, to probe any farther into 
their fruitless exaggerations. Let us continue our plan, 
which is to examine the validity of the arguments brought 
forward by each side without deciding anything, leaving 
the decision to those who know more about it than we. 

Returning to our natural and human reason, I say that 
these terms “large,” “small,” “immense,” “minute,” etc. are 
not absolute, but relative; the same thing in comparison 
with various others may be called at one time “immense” 
and at another “imperceptible,” let alone “small.” Such 
being the case, I ask: In relation to what can the stellar 
sphere of Copernicus be called too vast? So far as I can see, 
it cannot be compared or said to be too vast except in rela- 
tion to some other thing of the same kind. Now let us take 
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the smallest thing of the same kind, which will be the orbit 
of the moon. If the stellar orb must be considered too vast 
in relation to that of the moon, then every other magni- 
tude which exceeds some other of its kind by a similar or 
greater ratio ought also to be said to be too vast; and like- 
wise, by the same reasoning, it should be said not to exist in 
- the universe. Then the elephant and the whale will be 
mere chimeras and poetical fictions, because the former 
are too vast in comparison with ants (being land animals), 
and the latter in relation to gudgeons (being fish). And if 
actually found in nature, they would be immeasurably 
large; for the elephant and whale certainly exceed the ant 
and gudgeon in a much greater ratio than the stellar sphere 
does that of the moon, taking the stellar sphere to be as 
large as is required by the Copernican system. 

Besides, how large is the sphere of Jupiter, and how 

great is that assigned to Saturn as the receptacle of a single 
star, though the planet itself is small in comparison with a 
fixed star! Surely if to each fixed star such a large portion 
of the space in the universe should be assigned as its con- 
tainer, that orb which contains an innumerable quantity of 
these would have to be made many thousands of times 
larger than suffices for the needs of Copernicus. Moreover, 
do you not call a fixed star very small—I mean even one of 
the most conspicuous ones, let alone those which escape 
- our sight? And we call it so in comparison with the sur- 
rounding space. Now if the whole stellar sphere were one 
single blazing body, who is there that does not understand 
that in an infinite space there could be assigned a distance 
so great that, from there, such a brilliant sphere would ap- 
pear as small as or even smaller than a fixed star now ap- 
pears to us from the earth? So from such a point we should 
judge as small the very things which we now call immea- 
surably huge. 
SAGR. To me, a great ineptitude exists on the part of 
those who would have it that God made the universe more 
in proportion to the small capacity of their reason than to 
His immense, His infinite, power. 
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Simp. All this that you are saying is good, but what the 
other side objects to is having to grant that a fixed star must 
be not only equal to, but much greater than, the sun; for 
both are still individual bodies located within the stellar 
orb. And it seems to me much to the purpose that this au- 
thor inquires, “To what end and use are such vast frames? 
Produced for the earth, perhaps? That is, for a trifling little 
dot? And why so remote as to appear very small and be ab- 
solutely unable to act in any way upon the earth? To what 
purpose such a disproportionately large abyss between 
these and Saturn? All these things are baffling, for they ~ 
cannot be maintained by probable reasons.” 
SALV. From the questions this fellow asks, it seems to me 
that one may deduce that if only the sky, the stars, and 
their distances were permitted to keep the sizes and mag- 
nitudes which he has believed in up to this point (though 
he has surely never imagined for them any comprehensi- 
ble magnitudes), then he would completely understand 
and be satisfied about the benefits which would proceed 
from them to the earth, which itself would no longer be 
such a trifling thing. Nor would these stars any longer 
be so remote as to seem quite minute, but large enough to 
be able to act upon the earth. And the distance between 
them and Saturn would be in good proportion, and he 
would have very probable reasons for everything, which I 
should very much like to have heard. But seeing how con- 
fused and contradictory he is in these few words leads me 
to believe that he is very thrifty with or else hard up for 
these probable reasons, and that what he calls reasons are 
more likely fallacies, even shadows of foolish fantasies. 
Therefore I ask him whether these celestial bodies re- 
ally act upon the earth, and whether it was for that purpose 
that they were made of such-and-such sizes and arranged 
at such-and-such distances, or whether they have nothing 
to do with terrestrial affairs? If they have nothing to do 
with the earth, then it is a great folly for us Terrestrials to 
want to be arbiters of their sizes and regulators of their 
local dispositions, we being quite ignorant of all their af- 


The Third Day - 431 


fairs and interests. But if he says that they do act, and that 
it is to this end that they are directed, then this amounts to 
admitting what he denies in another place, and praising 
what he has just finished condemning when he said that ce- 
lestial bodies located at such distances from the earth as to 
appear minuscule could not act upon it in any way. Now, 
my good man, in the starry sphere, which is already estab- 
lished at whatever distance it is, and which you have just 
decided is well proportioned for an influence upon terres- 
trial matters, a multitude of stars do appear quite small, 
and a hundred times as many are entirely invisible to us— 
which is to appear smaller than small. Therefore you must 
now (contradicting yourself) deny their action upon the 
earth, or else (still contradicting yourself) admit that their 
appearing small does not detract from their power to act. 
Or else (and this would be a frank and honest confession) 
you must grant and freely admit that your judgment about 
their sizes and distances was folly, not to say presumption 
or brashness. : 
S1MP. As a matter of fact, I also saw immediately, upon 
reading this passage, the obvious contradiction in his say- 
ing that the stars of Copernicus, so to speak, could not act 
upon the earth because they appeared so small, and his not 
noticing that he had granted action upon the earth to the 
stars of Ptolemy and his own, these not merely appearing 
small but being for the most part invisible. 
SALV. But now I come to another point. Upon what basis 
does he say that the stars appear so small? Is it perhaps be- 
cause that is the way they look to us? Does he not know 
that this comes about from the instrument which we use in 
looking at them—that is, our eyes? Or for that matter that 
by changing instruments we may see them larger and 
larger, as much as we please? Who knows; perhaps to the 
earth, which beholds them without eyes, they may appear 
quite huge and as they really are? 

But it is time for us to leave these trifles and get to more 
important matters. I have already demonstrated two 
things: first, at what distance the firmament may be placed 


That distant 
objects ap- 
pear small 
is a defect 
of the eye, 
as is 
demon- 
strated. 


432 - The Third Day 


Tycho and 
his adher- 
ents did not 
try to see 
whether 
there were 
appear- 
ances in the 
firmament 
for or 
against the 
annual mo- 
tion. 


Astrono- 
mers have 
perhaps not 
noticed 
what ap- 
pearances 
would fol- 
low from 
the earth’s 
annual mo- 
' tion. 


Some things 
not known 
by Coperni- 
cus for lack 
of instru- 
ments. 


so that the diameter of the earth’s orbit would make no 
greater variation in it than that which the terrestrial diam- 
eter makes with respect to the sun at its distance there- 
from, and J then showed that in order to make a fixed star 
appear to us as of the size we see, It is not necessary to as- 
sume it to be larger than the sun. Now I should like to 
know whether Tycho or any of his disciples has ever tried 
to investigate in any way whether any phenomenon is per- 
ceived in the stellar sphere by which one might boldly af- 
firm or deny the annual motion of the earth. 

SAGR. I should answer “no” for them, they having had no 
need to do so, since Copernicus himself says that there is 
no such variation there; and they, arguing ad hominem, grant 
this to him. Then on this assumption they show the im- 
probability which follows from it; namely, it would be re- 
quired to make the sphere so immense that in order for a 
fixed star to look as large as it does, it would actually have 
to be so immense in bulk as to exceed the earth’s orbit—a 
thing which is, as they say, entirely unbelievable. 

SALV. So it seems to me, and I believe that they argue 
against the man more in the defense of another man than 
out of any great desire to get at the truth. And not only do 
I believe that none of them ever applied himself to making 
such observations, but I am not even sure that any of them 
knew what variation ought to be produced in the fixed 
stars by the annual movement of the earth,.if the stellar 
sphere were not at such a distance that any variation in 
them would vanish on account of its smallness. For to stop 
short of such researches and fall back upon the mere dic- 
tum of Copernicus may suffice to refute the man, but cer- 
tainly not to clear up the, fact. 

Now it might be that there is a variation, but that it is 
not looked for; or that because of its smallness, or through 
lack of accurate instruments, it was not known by Coper- 
nicus. This would not be the first thing that he failed to 
know, either for lack of instruments or from some other 
deficiency. Yet, grounded upon most solid theories, he af- 
firmed what seemed to be contradicted by things he did 
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not understand. For as already said, without a telescope it 
cannot be comprehended that Mars does increase sixty 
times and Venus forty times in one position as against an- 
other, and their differences appeared to be much less than 
the true ones. Yet since that time it has become certain that 
such variations are, to a hair, just what the Copernican sys- 
tem required. Hence it would be a good thing to investi- 
gate with the greatest possible precision whether one 
could really observe such a variation as ought to be per- 
ceived in the fixed stars, assuming an annual motion of the 
earth. 

This is a thing which I firmly believe has not been done 
by anyone up to the present. Not only that, but perhaps, as 
_T said, few people have well understood what it is that 
should be looked for. Nor am I saying this at random, for I 
have seen a certain manuscript of one of these anti- 
Copernicans which says that if this opinion were true, 
there would necessarily follow a continual rising and 
falling of the pole every six months, inasmuch as the earth 
would be going now north and now south during that time 
over so great a space as the diameter of its orbit; for it also 
seemed reasonable to him, or even necessary, that we who 
accompany the earth should have our pole more elevated 
when we were northerly than when we were southerly. 
Another very intelligent mathematician fell into this same 
error although he was a follower of Copernicus, according 
to what Tycho relates in his Progymnasmata, on page 684. 
This man said that he had observed the polar altitude to 
vary, differing in summer and winter; and since Tycho de- 
nied the merit of the assertion but did not condemn the 
method (that is, he denied seeing any variation in the alti- 
tude of the poles but he did not condemn such an inquiry 
as inappropriate for the determination of what was 
sought), this amounts to his saying that he also considered 
that whether the polar altitude did or did not vary over a 
six-month period would be a good test for rejecting or ac- 
cepting the annual motion of the earth. 

Simp. Frankly, Salviati, it seems to me too that this would 
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have to follow. For I do not believe that you will deny to 
me that if we were to travel only 60 miles to the north, the 
pole would rise one degree; and likewise, another 60 miles 
to the north, the pole would be raised for us another de- 
gree, etc. Now if approaching or retreating only 60 miles 
makes such a noticeable change in the polar altitudes, what 
would be accomplished by transporting the earth, and us 
along with it, not 60 miles but 60,000 in that direction? 
SALV. That ought to make the pole rise a thousand de- 
grees for us, if the same ratio had to be followed. Just see, 
Simplicio, what can be done by an inveterate impression! 
Having had it fixed in your mind for so many years that it 
is the sky which turns around in twenty-four hours, and 
not the earth, and consequently that the poles of this rev- 
olution are in the sky and not in the terrestrial globe, you 
cannot put off this habit even for an ‘hour and, imagining 
to yourself that it is the earth alone which moves, disguise 
yourself as the enemy sufficiently long to conceive what 
would follow if this masquerade were really the truth. If it 
is the earth, Simplicio, which moves upon itself every 
twenty-four hours, then in it are the poles, in it is the axis, 
in it is the equatorial plane (that is, the great circle passing 
through the points which are equidistant from the poles), 
and in it are the infinite other parallels, greater and lesser, 
which pass through the points on its surface at other dis- 
tances from the poles. All these things are in the earth, and 
not in the stellar sphere. That, being immovable, is devoid 
of all such things, and it is only in imagination that they 
can be pictured there by prolonging the axis of the earth to 
where its termination would designate two points placed 
over our poles, and extending the equatorial plane so that 
there would appear to be a circle in the sky corresponding 
to it. 

Now if the true axis, the true poles, and the true terres- 
trial equator do not change on the earth so long as you stay 
at the same place on the earth, you may take the earth any- 
where you please without ever changing your own loca- 
tion with respect to the poles, or to these circles, or to any 
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other terrestrial thing. This is because such a transposition 
is common to you and to all other terrestrial objects; and 
motion, where it is in common, is as if it were nonexistent. 
And as you do not change place with respect to the earth’s 
poles (that is, in such a way as to raise or lower them), like- 
wise you will not change place with respect to the poles 
imagined in the sky, so long as we mean by “celestial poles” 
(as previously defined) those two points which would be 
marked by the terrestrial axis when prolonged to the sky. 
It 1s true that such points in the heavens are changed 
when the transposition of the earth is carried out in such a 
way that its axis points to other parts of the immovable ce- 
lestial sphere, but our situation with respect to them would 
not be changed so that one would be elevated more than 
the other. Whoever wants one of the points in the firma- 
ment corresponding to the earth’s poles to move upward 
and the other one downward must travel along the earth 
toward one and away from the other. Nothing is accom- 
plished by transposing the earth and ourselves along with 
it, as I have said. 
SAGR. Allow me, Salviati, ite privilege of explaining this 
quite clearly by means of an example which, though 
crude, is nevertheless well suited for the purpose. Simpli- 


cio, imagine yourself to be in a ship, standing in the poop, 


-and suppose you have pointed a quadrant or some other 
instrument at the top of the foremast, as if you wished to 
take its elevation, which is, say, forty degrees. No doubt if 
you walk 25 or 30 paces along the deck and again direct the 
instrument toward the same mast, you will find its eleva- 
tion to be greater, having increased, for example, ten de- 
grees. But if instead of walking 25 or 30 paces toward the 
mast, you had remained in the poop and made the whole 
boat move in that direction, do you believe that because of 
the 25 or 30 paces it had traveled the elevation of the fore- 
mast would appear ten degrees higher to you? 

Sime. I understand and believe that the elevation would 
not increase by so much as a single hair even if the voyage 
were one of thousands of miles, let alone thirty paces. But 
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all the same, I believe that if upon looking past the top of 
the foremast one should sight a fixed star in the same di- 

rection and then should hold the quadrant fixed, then after 

the ship had sailed'sixty miles toward the star, the quadrant 

would still strike the top of the mast as before, but no 

longer the star, which would be one degree higher. 

SAGR. But do you think that the sight would not fall upon 
that point of the stellar sphere which was in the direction 

of the top of the foremast? 

Simp. No, but this point would be different, and would be 

lower than the star first observed. 

SAGR. That is exactly it. Just as in this example the eleva- 

tion of the top of the mast corresponds not to the star but 

to the point of the firmament which lies in the direction of 
the eye and the top of the mast, so (in the case we are ex- 

amining) that which corresponds in the firmament to the 

pole of the earth is not a star, or some other fixed object in 

the firmament, but it is that point in which the terrestrial 

axis would terminate if prolonged that far. This point is 

not fixed, but obeys the changes made by the terrestrial 


pole. Hence Tycho, or whoever brought up this objection, 


should have said that from such a motion of the earth, if it 
existed, some variation would be recognized and observed 
in the elevation or depression not of the pole, but of some 
fixed star near the place corresponding to our pole. 

SIMP. Indeed, I understand their equivocation, but to me 
this still does not take away the force of the opposing ar- 
gument, which seems to me considerable if it refers to the 
variation of the stars and not of the pole. Thus if the 
movement of the ship a mere sixty miles makes a fixed star 
rise one degree for me, why shouldn’t a similar change, and 
even a much greater one, happen for me when the ship is 
transported toward the same star by such a space as the di- 
ameter of the earth’s orbit, which you say is double the dis- 
tance from the earth to the sun? 

SAGR. This, Simplicio, is another equivocation on your 
part, which you know without realizing that you do; I shall 
try to bring it into your mind. Therefore tell me: If, after 
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having set the quadrant on a fixed star and having found its Resolving 
elevation to be, for example, forty degrees, you should tilt ee 
the side of the quadrant (without changing your own anyone who 
place) so that the star would stay elevated above the direc- nee 
tion of the quadrant, would you say that on this account eal 
the star had acquired a greater altitude? should 
Simp. Certainly not, for the change would be made in the Peco 
instrument and not by the observer having changed posi- the eleva- 
tion by moving toward the star. tion of a 
SAGR. But if you sailed or traveled over the surface of the i 
earth, would you say that no change was made in that same 

quadrant, and that it always kept the same elevation with 

respect to the sky, so long as you yourself did not tilt it but 

left it fixed in its original position? 

S1MP. Let me think a minute. I should say that undoubt- 

edly it would not keep this same tilt, my voyage being 

made not over a plane but on the circumference of the ter- 

restrial globe. At every step this changes its inclination 

with respect to the heavens, and consequently the instru- 

ment kept upon it would change. 

SAGR. Well said. And you also understand that the larger 

the circle upon which you move, the longer the voyage 

would have to be in order to make that star rise one degree 

for you. And finally, if your motion toward the star were 

along a straight line, it would be necessary for you to move 

much farther than along the circumference of any circle, 

however immense. 

SALY. Yes, because ultimately the circumference of an in- A straight 
finite circle and a straight line are the same thing. +: aaa 
SAGR. Oh, that I do not understand, nor do I think Sim- oe aug 
plicio understands it either. Behind it there must be some. infinite cir- 
deep mystery, because we know that Salviati never speaks ot. 
at random, or puts in the field any paradox unless it even- 

tuates in some idea not entirely trivial. So at the proper 

time and place I shall remind you to explain this remark 

about a straight line being the same as the circumference 

of an infinite circle; but for now, I do not wish to interrupt 


the debate we have in hand. 
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Getting back to the point, I invite Simplicio to consider 
how the approach and retreat which the earth makes with 
respect to some fixed star near the pole may be made as if 
by a straight line, for such is the diameter of the earth’s 
orbit. Hence the attempt to compare the rising and falling 
of the polestar due to motion along such a diameter with 
that due to motion over the small circle of the earth 
strongly indicates a lack of understanding. 

Simp. But we are still in the same difficulty, since not even 
the small variation which ought to exist is to be found, and 
if the variation is null, then the annual motion attributed 
to the earth along its orbit must also be admitted to be null. 
SAGR. Now I shall let Salviati resume, who I believe 


would not shrug off as nonexistent the rising or dropping 


of the polestar or of some other fixed star. I say this even 
though such events may not be known to anyone, and were 
assumed by Copernicus himself to be, I shall not say null, 
but unobservable because of their smallness. 
SALV. I said earlier that I do not believe anyone has set 
himself the task of observing whether variations which 
might depend upon an annual movement of the earth are 
to be perceived in any fixed star at the various seasons of 
the year, and I added that I doubt whether anyone has very 
clearly understood just what variations should appear, or 
among what stars. Therefore it will be good for us to ex- 
amine this point carefully. 

J have indeed found authors writing in general terms 
that the annual motion of the earth should not be admitted 
because it is improbable that visible changes would not 
then be seen in the fixed stars. Not having heard anyone go 
on to say what, in particular, these visible changes ought to 
be, and in what stars, I think it quite reasonable to suppose 
that those who say generally that the fixed stars remain un- 


changed have not understood (and perhaps have not even 


tried to find out) the nature of these alterations, or what it 
is that they mean ought to be seen. In making this judg- 
ment I have been influenced by knowing that the annual 
movement attributed to the earth by Copernicus, if made 
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"perceptible in the stellar sphere, would not produce visible 

alterations equally among all stars, but would necessarily 
make great changes in some, less in others, still less in yet 
others, and finally none in some stars, however great the 
size of the circle assumed for this annual motion. The al- 
terations which should be seen, then, are of two sorts; one 
is an apparent change in size of these stars, and the other is 
a variation in their altitudes at the meridian, which implies 
as a consequence the varying of places of rising and set- 
ting, of distances from the zenith, etc. 
SAGR. I think that what I see coming is like a ball of string 
so snarled that without God’s help I may never manage to 
disentangle it, for to confess my deficiencies to Salviati, I 
have often thought about this without ever getting hold of 
the loose end of it. I say this not so much in reference to 
things pertaining to the fixed stars as to an even more ter- 
rifying task that you have brought to my mind by men- 
tioning these meridian altitudes, latitudes of rising, 
distances from the zenith, etc. The reeling of my brain has 
its origin in what I shall now tell you. 

Copernicus assumes the stellar sphere to be motionless, 
with the sun likewise motionless in the center of it. There- 
fore all alterations in the sun or in the fixed stars which 
may appear to us must necessarily belong to the earth; that 
is, be ours. But the sun rises and sets along a very great arc 
on our meridian—almost forty-seven degrees—and its 
deviations in rising and setting vary by still greater arcs 


along the oblique horizons. Now how can the earth be so. 


remarkably tilted and elevated with respect to the sun, and 
not at all so with regard to the fixed stars—or so little as to 
be imperceptible? This is the knot which has never passed 
through my comb, and if you untie it for me I shall con- 
sider you greater than an Alexander. 

SALV. These difficulties do credit to Sagredo’s ingenuity; 
the question is one which Copernicus himself despaired of 
explaining in such a way as to make it intelligible, as will be 
seen both from his own admission of its obscurity and 
from his setting out twice to explain it, in two different 
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ways. And without affectation I admit not having under- 
stood his explanation myself, until I had made it intelligi- 
ble in still another way which is quite plain and clear, and 
this only after a long and laborious application of my 
mind. 

SIMP. Aristotle saw the same objection, and made use of it 
to disprove some of the ancients who would have had it 
that the earth was a planet. Against them he reasoned that 
if it were, it would be necessary for it, like the other plan- 
ets, to have more than one movement, producing these 
variations in the risings and settings of the fixed stars as 
well as in their meridian altitudes. And since he raised the 
difficulty without solving it, it must necessarily be very 
difficult of solution, if not entirely impossible. 

SALY. The strength and force of the knotting make the 
untying the more beautiful and admirable, but this I do not 
promise you today; you must excuse me until tomorrow. 
For the present, let us go on considering and explaining 
these alterations and differences which ought to be per- 
ceived in the fixed stars on account of the annual move- 
ment, as we were just saying. In the explanation of this, 
certain points suggest themselves as preparation for the so- 
lution of the chief difficulty. 

Now going back once more to the two movements at- 
tributed to the earth (I say two, because the third is not un- 
questionably a motion, as I shall explain in the proper 
place), the annual and the diurnal, the former must be un- 
derstood to be made by the center of the earth in the cir- 
cumference of its orbit, which is a large circle described in 
the plane of the ecliptic, and is fixed and immutable. The 
other (that is, the diurnal) is made by the earth’s globe 
upon itself around its own center and axis, and not vertical 
to the plane of the ecliptic, but inclined to that with a tilt 
of about twenty-three and one-half degrees, which incli- 
nation is maintained throughout the year. And what must 
be especially noted is that it keeps this tilt always toward 
the same part of the sky, so that the axis of diurnal motion 
is maintained always parallel to itself. Hence if we imagine 
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this axis prolonged all the way to the fixed stars, then while 
the earth is going around the whole ecliptic in a year this 
axis describes an oblique cylindrical surface which has for 
one of its bases the said annual circle, and for the other a 
similar imaginary circle traced by its extremity—or let us 
say its pole—among the fixed stars. This cylinder is 
oblique to the plane of the ecliptic according to the incli- 
nation of the axis which describes it, and this we have said 
to be twenty-three and one-half degrees. This remains 
perpetually the same, except for some small variation in 
many thousands of years which is not significant in the 
present connection. Thus the terrestrial globe neither tilts 
further nor straightens up, but is kept immutable. From 
this it follows that with regard to alterations observed in 
the fixed stars and depending only upon the annual move- 
ment, these will occur in the same way for any point upon 
the earth’s surface as they would for the very center of the 
earth. Hence in'the present explanations we shall make use 
of the center as if it were any point upon the surface. 

For a clearer understanding of the whole matter, let us 
draw a diagram. First we shall designate in the plane of the 
ecliptic the circle ANBO; let us suppose the points A and 
B to be the extremities toward the north and south—that 
is, the beginning of Cancer and of Capricorn—and extend 
the diameter AB without limit through D and C toward 
the stellar sphere. 


Now I say, first, that none of the fixed stars in the eclip- 


tic will ever vary in elevation no 

matter what motions the earth 

makes in the plane of the ecliptic, 

but will always be perceived in ; 

the same plane, though they will E 
approach and recede from the 
earth by as great a space as the di- 
ameter of the earth’s orbit. This is 
easily seen in the figure, for 
whether the earth is at the point 
A or at B, the star C is always seen along the same line 
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ABC, although the distance BC is smaller than CA by the 
entire diameter BA. Therefore what might be discovered 
in the star C, or in any other star placed in the ecliptic, is a 
growth or diminution in apparent size due to the approach 
or retreat of the earth. 

SAGR. Wait a moment, please, because I am somewhat ill 
at ease about this. That the star C is seen along the same 
line ABC when the earth is at A and at B, I understand per- 
fectly. And I would also understand that the same would 
hold for all points in the line AB, if the earth passed from 
A to B along that line. But since it passes according to our 
assumptions along the arc ANB, it is obvious that when it 
is at the point N (or any other point outside of A and B), 
the star will no longer be seen along the line AB but along 
one of many others. Now if being seen along different 
lines should cause visible changes, such variations ought to 
be perceived. 

And I shall say further, with that philosophical freedom 
which should be permitted among philosophical friends, 
that it seems to me you are contradicting yourself and 
denying now something that this very day you have ex- 
plained, to our astonishment, as being a remarkable and 
perfectly true thing. I mean that which occurs among the 
planets, and especially the three outer ones; these, being 
continually in the ecliptic or very close to it, not only look 


close to us at one time and very distant at another, but are 


so variable in the rules of their movements that they ap- 
pear sometimes stationary, and at other times retrograde in 
differing degrees—and all for no other cause than the an- 
nual movement of the earth. 

SALV. Although I have made sure of Sagredo’s perspicac- 
ity a thousand times, yet I wanted with this new trial to as- 
sure myself further as to how much I might expect from 
his ingenuity. This is for my own purposes, since if my 
propositions can stand fast against the hammer and fur- 
nace of his judgment, I may be certain that they are of 
good metal and can compare with any. Hence I say that I 
have deliberately pretended to overlook this objection, but 
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not in order to deceive you or to persuade you of anything 

false, as might happen if an objection had been ignored by 

me and overlooked by you which was in fact what this one 

seems to be; namely, truly strong and conclusive. But it is 

not so; rather, I now wonder whether you are pretending 

not to recognize its emptiness just to test me. Well, on this 
particular I want to be more sly than you are, by forcibly 

drawing from your own mouth what you are craftily con- 

cealing within it. So tell me how it is that you are aware 

that the stoppings and retrograde movements of the plan- 

ets are due to the annual motion, and how you know it is 

large enough so that at least some traces of a similar effect 

ought to be recognized among the stars in the ecliptic. 

SAGR: This demand of yours includes two questions to 

which I must reply; the first concerns the imputation 

which you put upon me, of being a hypocrite; and the 

other bears on what may appear in the stars, etc. As to the 

first, permit me to say that it is not true that I was merely 
pretending not to know the invalidity of this objection. 

And to reassure you about this, I tell you right now that I 
understand its emptiness quite well. 

SALV. Well, I certainly do not understand how it can be 

that you were not speaking hypocritically when you 

claimed not to understand as a fallacy that which you now 

admit you understand very well to be one. 

SAGR. The very confession of understanding may assure 

you that I was not simulating when I said that I did not un- 

derstand; for if I had wished to simulate and had done so, 

who would there be to stop me from continuing the sham 

by still denying that I see the fallacy? I say, then, that I did 

not understand it at the time, but that I see it clearly now, 

thanks to your having awakened my mind, first by telling Stopeing 
me positively that a fallacy existed, and next by commenc- advancing, 
ing to interrogate me in general about the means of my nant 
recognizing the stoppings and retrograde motions of the _ the planets 
planets. Now, this is known by comparing the planets with are known 
the fixed stars, in relation to which they are seen to vary a i 
their movements now westward, now eastward, and some- stars. 
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times to remain practically motionless. But beyond the 
stellar sphere there is not another sphere, immensely more 
remote-and visible to us, with which we might compare the 
fixed stars. Hence not a trace could we discover in them of 
anything corresponding to what appears among the plan- 
ets. I believe that this is what you were so anxious to draw 
from my mouth. 

SALV. And there it is, with the addition of your most sub- 
tle insight to boot. And if I, with my little joke, opened 
your mind, you with yours have reminded me that it is not 
entirely impossible for something some time to become 
observable among the fixed stars by which it might be dis- 
covered what the annual motion does reside in. Then they, 
too, no less than the planets and the sun itself, would ap- 
pear in court to give witness to such motion in favor of the 
earth. For I do not believe that the stars are spread over a 
spherical surface at equal distances from one center; I sup- 
pose their distances from us to vary so much that some are 
two or three times as remote as others. Thus if some tiny 
star were found by the telescope quite close to some of the 
larger ones, and if that one were therefore very very re- 
mote, it might happen that some sensible alterations would 
take place among them paaepeey to na of the. 
outer planets. 

So much for the moment with regard to the special case 
of stars placed in the ecliptic. Let us now go to the fixed 
stars outside the ecliptic, and assume a great circle vertical 
to its plane, for example a circle that would correspond in 
the stellar sphere to the solstitial colure. This we shall 
mark CEH, and it will be a meridian at the same time. Let 
us take in it a star outside the ecliptic, which can be E here. 
Now this will indeed vary its elevation with the movement 
of the earth, because from the earth at A it will be seen 
along the ray AE, with the elevation of the angle EAC, but 
from the earth at B it will be seen along the ray BE, with an 
angle of elevation EBC. This is greater than EAC, on ac- 
count of its being an exterior angle of the triangle EAB, 
while the other is the opposite interior angle. Hence the 
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distance of the star E from the ecliptic would be seen to be 
changed, and also its meridian altitude would be greater in 
position B than in the place A, in proportion as the angle 
EBC exceeds EAC; that is, by the angle AEB. For the side 
AB of the triangle EAB being produced to C, the exterior 
angle EBC (being equal to the two opposite interior angles 
E and A) exceeds A by the size of the angle E. And if we 
take another star in the same meridian farther from the 
ecliptic—let this be the star H—then this will be even 
greater in variation when seen from the two positions A 
and B, according as the angle AHB becomes greater than 
the angle E. This angle will continue to increase in pro- 
portion as the star observed gets farther from the ecliptic, 
until finally the maximum alteration will appear in that 
star which is placed at the very pole of the ecliptic. For a 
complete understanding, this may be demonstrated as fol- 
lows: 

Let the diameter of the earth’s orbit be AB, whose cen- 
ter is G, and assume it to be extended out to the stellar 
sphere in the points D and C. From the center G, let the 
axis GF of the ecliptic be erected as far as the same sphere, 
in which a meridian DFC vertical to the plane of the 
ecliptic is assumed to be described. Taking, in the arc FC, 
any points H and E as places of fixed stars, add the’ lines 
FA, FB, AH, HG, HB, AE, GE, and BE. Then AFB is the 
angle of difference (or we may say the parallax) of the star 
placed at the pole F; that of the star at H is the angle AHB, 
and for the star at E it is the angle AEB. I say that the angle 
of difference of the polestar F is the maximum; of the oth- 
ers, those closest to this maximum are larger than those 
more distant from it. That is, the angle F is greater than the 
angle H, and this is greater 
than the angle E. 

Suppose a circle described 
about the triangle FAB. Since 
the angle F is acute, its base 
AB being less than the diame- 
ter DC of the semicircle DFC, Fic. 25 
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it will fall in the larger portion of the circumscribed circle 
cut by the base AB. And since AB is divided in the center 
and at right angles to FG, the center of the circumscribed 
circle will be in the line FG. Let this be the point I. Now of 
all the lines drawn to the circumference of the circum- 
scribed circle from the point G, which is not its center, the 
greatest is that which passes through the center. Hence FG 
will be greater than any other line drawn through G to the 
circumference of the same circle, and therefore this cir- 
cumference will cut the line GH, which 1s equal to the line 
GE, and cutting GH it will also cut AH. Let it cut that in L, 
and add the line LB. Then the two angles AFB and ALB 
will be equal, being included in the same portion of the 
circumscribed circle. ButALB, an exterior angle, is greater 
than the interior angle H; therefore angle F is greater than 
angle H. 

By the same method we may show that the angle H is 
greater than the angle E, because the center of the circle 
described about the triangle AHB is on the perpendicular 
GF, to which the line GH is closer than the line GE; hence 
its circumference cuts GE and also AE, from which the 
proposition is obvious. 

From this we conclude that the alteration of appear- 
ance (which, using the proper technical term, we may call 
the parallax of the fixed stars) is greater or less according 
as the stars observed are more or less close to the pole of 
the ecliptic, and that finally for stars on the ecliptic itself 
the alteration is reduced to nothing. Next, as to the earth 
approaching and retreating from the stars by its motion, 
those stars which are on the ecliptic are made nearer or 
farther by the entire diameter of the earth’s orbit, as we 
have already seen. For those which lie near the pole of the 
ecliptic, this approach and retreat is almost nothing, while 
for others the alteration is made greater as the stars be- 
come closer to the ecliptic. 

_ In the third place we may see that this alteration of ap- 
pearance is greater or less according as the observed star is 
closer to or more remote from us. For if we draw another 
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meridian less distant from the earth (which shall be DFI 
here), a star placed at F and seen along the same ray AFE 
with the earth at A, when it is later observed from the earth 
at B will be seen along the ray BF, and will make the angle 
of difference BFA greater than the first one, AEB, being 
exterior to the triangle BFE. 

SAGR. I have listened to your discourse with great plea- 
sure, and with profit too; now, to make sure that I have un- 
derstood everything, I shall state 

briefly the heart of your conclu- 

sions. It seems to me that you 

have explained to us two sorts of 

differing appearances as being € 

those which because of the an- 
nual motion of the earth we 
might observe in the fixed stars. 
One is their variation in apparent 
size as we, carried by the earth, 
approach them or recede from them; the other (which like- 
wise depends upon this same approach and retreat) is their 
appearing to us to be now more elevated and now less so 
on the same meridian. Besides this you tell us (and I thor- 
oughly understand) that these two alterations do not occur 
equally in all stars, but to a greater extent in some, to a 
lesser in others, and not at all in still others. The approach 
and retreat by which the same star ought to appear larger 
at one time and smaller at another is imperceptible and 
practically nonexistent for stars which are close to the pole 
of the ecliptic, but it is great for the stars placed in the 
ecliptic itself, being intermediate for those in between. 
The reverse is true of the other alteration; that is, the ele- 
vation or lowering is nil for stars along the ecliptic and 
large for those encircling the pole of the ecliptic, being in- 
termediate for those in the middle. 

Furthermore, both these alterations are more percepti- 
ble in the closest stars, less sensible in those more distant, 
and would ultimately vanish for those extremely remote. 

So much for my part. The next thing, so far as I can see, 
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is to convince Simplicio. I think he will not easily be rec- 
onciled to admitting such alterations as these to be imper- 
ceptible, stemming as they do from such a vast movement 


_of the earth and from a change that carries the earth to 
‘places twice as far apart as our distance from the sun. 


SiMP. Really, to be quite frank, I do feel a great repug- 
nance against having to concede the distance of the fixed 
stars to be so great that the alterations just explained 
would have to remain entirely imperceptible in them. 

SALV. Do not completely despair, Simplicio; perhaps 
there is yet some way of tempering your difficulties. First 
of all, that the apparent size of the stars is not seen to alter 
visibly need not appear entirely improbable to you when 
you see that men’s estimates in such a matter may be so 
grossly in error, particularly when looking at brilliant ob- 
jects. Looking, for example, at a burning torch from a dis- 
tance of two hundred paces, and then coming closer by 
three or four yards, do you believe that you yourself would 
perceive it as larger? For my part, I should certainly not 
discover this even if I approached by twenty or thirty 
paces; sometimes I have even happened to see such a light 


- at a distance, and been unable to decide whether it was 


coming toward me or going away, when in fact it was ap- 
proaching. Now what of this? If the same approach and re- 
treat of Saturn (I mean double the distance from the sun to 
us) is almost entirely imperceptible, and if it is scarcely 
noticeable in Jupiter, what could it amount to in the fixed 
stars, which I believe you would not hesitate to place twicé 
as far away as Saturn? In Mars, which while approaching 
ase 

S1MP. Please do not labor this point, for | am indeed con+ 
vinced that what you have said about the unaltered ap- 
pearance of the apparent sizes of the fixed stars may very 


_ well be the case. But what shall we say to that other diffi- 


culty which arises from no variation at all being seen in 
their changing aspects? 


_SALY. Let us say something eich will perhaps satisfy you 


also on this point. Briefly, would you be content if those al- 
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terations really were perceived in the stars which seem to 
you so necessary if the annual motion belongs to the earth? 
SimpP. I should indeed be, so far as this particular is con- 
cerned. 

SALV. I wish you had said that if such a variation were 
perceived, nothing would remain that could cast doubt 
upon the earth’s mobility, since no counter could be found 
to such an event. But even though this may not make itself 
visible to us, the earth’s mobility is not thereby excluded, 
nor its immobility necessarily proved. It is possible, 
Copernicus declares, that the immense distance of the 
starry sphere makes such small phenomena unobservable. 
And as has already been remarked, it may be that up to the 
present they have not even been looked for, or, if looked 
for, not sought out in such a way as they need to be; that is, 
with all necessary precision and minute accuracy. It is hard 
to achieve this precision, both on account of the imperfec- 
tion of astronomical instruments, which are subject to 
much variation, and because of the shortcomings of those 
who handle them with less care than is required. A cogent 
reason for putting little faith in such observations is the 
disagreement we find among astronomers in assigning the 
places, I shall say not merely of novas and of comets, but of 
the fixed stars themselves, and even of polar altitudes, 
about which they disagree most of the time by many 
minutes. 

As a matter of fact, how would you expect anyone to be 
sure, with a quadrant or sextant that customarily has an 
arm three or four yards long, that he is not out by two or 
three minutes in the setting of the perpendicular or the 
alignment of the alidade? For on such a circumference this 
will be no more than the thickness of a millet seed. Besides 
which, it is almost impossible for the instrument to be 
constructed absolutely accurate and then maintained so. 
Ptolemy distrusted an armillary instrument constructed 
by Archimedes himself for determining the entry of the 
sun into the equinox. 

SIMP. But if the instruments are thus suspect, and the ob- 
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servations are so dubious, how can we ever safely accept 
them and free them from error? I have heard great vaunt- 
ings of Tycho’s instruments, which were made at enor- 
mous expense, and of his remarkable skill in making 
observations. ; 

SALV. I grant you all this, but neither the one fact nor the 
other suffices to make us certain in affairs of such impor- 
tance. I want to have us use instruments far larger than 
those of Tycho’s, quite precise ones, and made at mini- 
mum cost, whose sides will be four, six, twenty, thirty, or 
fifty miles, so that a degree is a mile wide, a minute 1s fifty 
yards, and a second is little less than a yard. In a word, we 
may have them as large as we please, without their costing 
us a thing. : 

. Being at a villa of mine near Florence, I plainly ob- 
served the arrival of the sun at the summer solstice and its 
subsequent departure. For one evening at its setting it hid 
itself behind a cliff in the Pietrapana Mountains, about 
sixty miles away, leaving only a small shred of itself re- 
vealed to the north, the breadth of which was not the hun- 
dredth part of its diameter. But the following evening, at 
the same position of setting, it left a like part of itself 
showing which was noticeably thinner. This is a conclusive 
proof that it had commenced to move away from the 
tropic; yet the sun’s return between the first and second 
observations surely did not amount to one second of arc 
along the horizon. Making the observation later with a fine 
telescope which would multiply the disc of the sun more 
than a thousandfold turned out to be pleasant and easy. 

Now my idea is for us to make our observations of the 
fixed stars with similar instruments, utilizing some star in 
which the changes would be conspicuous. These are, as I 
have already explained, the ones which are farthest from 
the ecliptic. Among them Vega, a very large star close to 
the pole of the ecliptic, would be the most convenient 
when operating in the manner I am about to describe to 
you, so far as the more northern countries are concerned, 
though I am going to make use of another star. I have al- 
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ready been looking by myself for a place well adapted for 
such observations. The place is an open plain, above which 
there rises to the north a very prominent mountain, at the 
summit of which is built a little chapel facing west and 
east, so that the ridgepole of its roof may cut at right an- 
gles the meridian over some house situated in the plain. I 
wish to affix a beam parallel to that ridgepole and about a 
yard above it. This done, I shall seek in the plain that place 
from which one of the stars of the Big Dipper is hidden by 
this beam which I have placed, just when the star crosses 
the meridian. Or else, if the beam is not large enough to 
hide the star, I shall find the place from which the disc of 
the star is seen to be cut in half by the beam—an effect 
_ which can be discerned perfectly by means of a fine tele- 
scope. It will be very convenient if there happens to be 
some house at the place from which this event can be per- 
ceived, but if not, then I shall drive a stick firmly into the 
ground and affix a mark to indicate where the eye is to be 
placed whenever the observation is to be repeated. I shall 
make the first of these observations at the summer solstice, 
in order to continue them from month to month, or when- 
ever I please, until the other solstice. 

By means of such observations, the star’s rising or low- 
ering can be perceived no matter how small it may be. And 
if in the course of these operations any such variation shall 
happen to become known, how great an achievement will 
be made in astronomy! For by this means, besides ascer- 
taining the annual motion, we shall be able to gain a 
knowledge of the size and distance of that same star. 
SAGR. I thoroughly understand the whole procedure, and 
the operations seem to me to be so easy and so well 
adapted to what is wanted, that it may very reasonably be 
believed that Copernicus himself, or some other as- 
tronomer, has actually performed them. 

SALV. It seems the other way around to me, for it is 1m- 
probable that if anyone had tried this he would not have 
mentioned the result, whichever opinion it turned out to 
favor. But no one is known to have availed himself of this 
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method, for the above or for any other purpose; and with- 
out a fine telescope it could not very well be put into effect. 


_SAGR. What you say completely satisfies me. 


Now, since quite a while remains until the night, if you 
want me to find any rest then, I hope it will not be too 
much trouble for you to explain to us those problems 
which a little while ago you asked us to put off until to- 
morrow. Please give us back the reprieve which we ex- 
tended to you, and abandoning all other arguments 
explain to us how (assuming the motions which Coperni- 
cus attributes to the earth, and keeping immovable the sun 
and the fixed stars) such events may follow as pertain to 
the elevation and lowering of the sun, the changing of the 
seasons, and the inequalities of nights and days, in just the 
way that is so easily understood to take place in the Ptole- 
maic system. 
SALV. I must not and cannot refuse anything which 
Sagredo pleads for. The delay that I requested was only to 
give me time to rearrange in my mind the premises which 
are useful for a clear and comprehensive explanation of 
the manner in which these events take place in the Coper- 
nican as well as in the Ptolemaic system. Indeed, more eas- 
ily and simply in the former than in the latter, so that it 
may be clearly seen that the former hypothesis is as easy 
for nature to put into effect as it 1s hard for the intellect to 
comprehend. Nevertheless I hope, by utilizing explana- 
tions other than those resorted to by Copernicus, to make 
even the learning of it very much less obscure. In order to 
do this, I shall set forth some assumptions as known and 
self-evident, as follows: 

First. I assume that the earth is a spherical body which 
rotates about its own axis and poles, and that every point 
on its surface traces out the circumference of a circle, 
greater or lesser according as the designated point is more 
or less distant from the poles. Of these circles, that one is 
greatest which is traced out by a point equidistant from the 
poles. All these circles are parallel to one another, and we 
shall refer to them as parallels. 
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Second. The earth being spherical in shape and its ma- 
terial being opaque, half its surface is continually lighted 
and the rest is dark. The boundary which separates the 
lighted part from the dark being a great circle, we shall call 
this the boundary circle of light. 

Third. When the boundary circle of light passes 
through the earth’s poles it will.cut all the parallels into 
equal sections, it being a great circle; but, not passing 
through the poles, it will cut them all into unequal parts 
except the central circle; this, being also a great circle, will 
be cut into equal parts in any case. 

Fourth. Since the earth turns about its own poles, the 
length of day and night is determined by the arcs of the 
parallels cut by the boundary circle of light. The are which 
remains in the illuminated hemisphere determines the 
length of the day, and the remainder that of the night. 

These things being set forth, we may wish to draw a di- 
agram for a clearer understanding of what comes next. 
First let us indicate the circumference of a circle, to rep- 
resent for us the orbit of the earth, described in the plane 
of the ecliptic. This we may divide by two diameters into 
four equal parts; Capricorn, Cancer, Libra, and Aries, 
which shall here represent at the same time the four cardi- 
nal points; that is, the two solstices and the two equinoxes. 
And in the center of this circle, let us denote the sun, O, 
fixed and immovable. 

Now with the four points Capricorn, Cancer, Libra, and 
Aries as centers, we shall draw four equal circles which to 
us will represent the earth at these four different seasons. 
The center of the earth travels in the space of a year 
around the whole circumference Capricorn—Aries—Can- 
cer—Libra, moving from west to east in the order of the 
signs of the zodiac. It is already evident that when the 
earth is in Capricorn the sun will appear in Cancer, 
the earth moving along the arc from Capricorn to Aries, 
the sun will appear to be moving along the arc from Can- 
cer to Libra. In a word, it will run through the signs of the 
zodiac in their order during the space of a year. So with 
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this first assumption, the apparent annual motion of the 
sun around the ecliptic is satisfied beyond any argument. 

Coming now to the other movement—that is, the diur- 
nal motion of the earth about itself—its poles and axis 
must be established. These must be understood to be not 
perpendicularly erect to the plane of the ecliptic; that is, 
not parallel to the axis of the earth’s orbit, but inclined 
from right angles about twenty-three and one-half de- 
grees, with the North Pole toward the axis of the earth’s 
orbit when the center of the earth is at the solstitial point 
in Capricorn. Assuming, then, that the center of the ter- 
restrial globe is at that point, let us indicate the poles and 
the axis AB, tilted twenty-three and one-half degrees from 
the perpendicular on the Capricorn—Cancer diameter, so 
that the angle A—Capricorn—Cancer amounts to the com- 
plement, or sixty-six and one-half degrees, and this incli- 
nation must be assumed to be immutable. We shall take 
the upper pole, A, to be the north, and the other, B, the 
south. 

If the earth is assumed to revolve about its axis AB in 
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twenty-four hours, also from west to east, circles parallel 
to one another will be described by all points noted on its 
surface. In this first position of the earth, we shall desig- 
nate the great circle ‘CD and the two which are twenty- 
three and one-half degrees from it—EF above, and GN 
below—and these others at the two extremes, IK and LM, 
at a similar distance from the poles A and B; and we could 
have drawn countless other circles parallel to these five, 
traced by innumerable points on the earth. Let us now as- 
sume that the earth is transported by the annual motion of 
its center to the other positions already marked, passing to 
them according to the following laws: That its own axis AB 
not only does not change its inclination to the plane of the 
ecliptic, but that it does not vary its direction, either, re- 
maining thus always parallel to itself, it points continually 
toward the same parts of the universe, or let us say of the 
firmament. This means that if, we imagine the axis to be 
prolonged, it would describe with its upper end a circle 
parallel and equal to the earth’s orbit through Libra, 
Capricorn, Aries, and Cancer, as the upper base of a cylin- 
der described by itself in its annual motion upon the lower 
base, Libra—Capricorn—Aries—Cancer. Hence, because of 
“this unchanging tilt, let us draw these other three figures 
around the centers of Aries, Cancer, and Libra, exactly 
similar to the one drawn around the center of Capricorn. 
Next let us consider the first diagram of the earth. Be- 
cause of the axis AB being inclined at twenty-three and 
one-half degrees toward the sun, and since the arc AI is 
also twenty-three and one-half degrees, the light of the 
sun illumines the hemisphere of the terrestrial globe ex- 
posed to the sun (of which only half is seen here), divided 
from the dark part by the boundary of light, IM. The par- 
allel CD, being a great circle, will be divided into equal 
~ parts by this, but all others will be cut into unequal parts 
because the boundary of light IM does not pass through 
the poles A and B. The parallel IK, together with all others 
described between it and the pole A, will be entirely 
within the illuminated part, just as on the other hand the 
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opposite ones toward the pole B and contained within the 
parallel LM will remain in the dark. 

Besides this, since the arc AI is equal to the arc FD, and 
the arc AF is common to IKF and AFD, the latter two are 
equal, each being one quadrant; and since the whole arc 
IFM is a semicircle, the arc MF will also be a quadrant and 
equal to FKI. Hence the sun, O, in this position of the 
earth, will be vertical to anyone at the point F. But through 
the diurnal revolution around the fixed axis AB, all points 
on the parallel EF pass through this same point F, and 
therefore on such a day the sun at midday will be overhead 
to all inhabitants of the parallel EF; and to them it will 
seem to describe by its motion that circle which we call the 
tropic of Cancer. 

But to the inhabitants of all parallels above the parallel 
EF toward the North Pole, A, the sun is below their zenith 

— toward the south. On the other hand, to all inhabitants of 
the parallels below EF toward the equator CD and the 
South Pole, B, the midday sun is elevated above the zenith 
toward the North Pole, A. 

Next you may see how of all parallels, only the great 
circle CD is cut. into equal parts by the boundary of light 
IM, the others above and below this all being cut into un- 
equal parts. Of the upper’ ones, the semidiurnal arcs 
(which are those in the part of the earth lighted by the sun) 
are greater than the seminocturnal ones, which remain in 
the dark. The contrary happens for the remainder which 
are beneath the great circle CD toward the pole B; of 
these, the semidiurnal arcs are smaller than the seminoc- 
turnal. Also you may-see quite plainly that the differences 
of these arcs go on increasing as the parallels become 
closer to the poles, until the parallel IK stays entirely in 
the lighted part, and its inhabitants have a twenty-four- 
hour day without night. In contrast to this the parallel LM, 
remaining all in the dark, has a night of twenty-four hours 
without day. 

Next let us proceed to the third diagram of the earth, 
here placed with its center at the Cancer point, from which 
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the sun would appear to be at the first point of Capricorn. 
It is indeed easy to see that as the axis AB has not changed 
its tilt, but has remained parallel to itself, the appearance 
and situation of the earth are precisely the same as in the 
first diagram, except that the hemisphere which in the first 
was lighted by the sun remains in shadow here, and the one 
which was previously dark now becomes illuminated. 
Hence what occurred in the first diagram is now reversed 
with respect to the differences of days and nights and their 
relative length or shortness. 
The first thing noticed is that where in the first figure, 
the circle IK was entirely in the light, it is now all in the 
dark; and LM, which is opposite, is now entirely in the 
light, where it was previously completely in shadow. Of 
the parallels between the great circle CD and the pole A, 
the semidiurnal arcs are now smaller than the seminoctur- 
nal, which is the opposite of the first, and of the others 
toward the pole B, the semidiurnal arcs are now longer 
than the seminocturnal, likewise the opposite of what took 
place in the other position of the earth. You may now see 
the sun made vertical to the inhabitants of the tropic GN, 
and for those of the parallel EF it is depressed southward 
through the entire arc ECG; that is, forty-seven degrees. It 
has, in short, gone from one tropic to the other, passing 
through the equator, being raised and then dropped along 
the meridian through the said interval of forty-seven de- 
grees, This entire change has its origin not in any dropping 
or rising of the earth; on the contrary, in its never dropping 
nor rising, but in generally keeping itself always in the 
same location with respect to the universe and merely 
going around the sun, which is situated at the center of this 
same plane in which the earth moves around it in the an- Marvelous 
nual motion. Naga 
: non de- 
Here a remarkable phenomenon must be noticed, pending 
which is that just as the preservation of the axis of the upon the 
earth in the same direction with respect to the universe (or oS 
let us say toward the highest fixed stars) makes the sun ap- varying in 
pear to us to rise and fall by as much as forty-seven degrees. tilt. 
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without any rise or drop in the fixed stars at all, so if on the 
contrary the earth’s axis were continually kept at a given 
inclination toward the sun (or we might say toward the axis 
of the zodiac), no alteration of ascent or descent would ap- 
pear to be made by the sun. Thus the inhabitants of a given 
place would always have the same periods of night and 
day, and the same kind of season; that is, some people 
would always have winter, some always summer, some 
spring, etc. But on the other hand, the changes in the fixed 
stars with regard to rising and falling would then appear 
enormous to us, amounting to this same forty-seven de- 
grees. For an understanding of this let us go back to a con- 
sideration of the position of the earth in the first diagram, 
where the axis AB is seen with its upper pole A tilted 
‘toward the sun, In the third figure the same axis has kept 
the same direction toward the highest sphere by remaining 
parallel to itself, so the upper pole A no longer tilts toward 
the sun but tilts away from it, and lies forty-seven degrees 
from its first position. Thus, in order to reproduce the 
same inclination of the pole A toward the sun, it would be 
required (by turning the globe along its circumference 
ACBD) to take it forty-seven degrees toward E; and any 
fixed star observed on the meridian would be raised or 
lowered by that many degrees. 

Now let us proceed with an explanation of the rest, and 
consider the earth placed in the fourth diagram with its 
center at the first point of Libra, the sun appearing in the 
beginning of Aries. Thus the earth’s axis, which in the first 
diagram was assumed to be inclined to the Capricorn— 
Cancer diameter and hence to be in the same plane as that 
which cuts the earth’s orbit perpendicularly in the Capri- 
corn—Cancer line, when transferred to the fourth figure 
(being kept always parallel to itself, as we have said), comes 
to be in a plane which is likewise vertical to the plane 
of the earth’s orbit, and parallel to the one which cuts 
the latter at right angles along the Capricorn—Cancer 
diameter. Hence the line from the center of the sun to the 
center of the earth (from O to Libra) will be perpendicu- 
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_ lar to the axis BA. But this same line from the center of the 

“sun to the center of the earth is always perpendicular also 
to the boundary circle of light, therefore this same circle 
will pass through the poles A and B in the fourth figure, 
and the axis AB will lie in its plane. But the great circle, 
passing through the poles of the parallels, will divide them 
all into equal parts; therefore the arcs IK, EF, CD, GN, and 
LM will all be semicircles, and the lighted hemisphere will 
be this one which faces us and the sun, and the boundary 
circle of light will be this very circumference ACBD. And 
when the earth is at this place, the equinox will occur for 
all its inhabitants. 

The same will happen in the second diagram, where the 
earth having its lighted hemisphere toward the sun shows 
to us its dark side with the nocturnal arcs. These are also 
all semicircles, and consequently also make an equinox. 
Finally, since the line produced from the center of the sun 
to the center of the earth is perpendicular to the axis AB, 
to which likewise the great circle CD among the parallels 
is perpendicular, the same line O—Libra necessarily passes 
through the same plane as the parallel CD, cutting its cir- 
cumference in the center of the daytime arc CD; therefore 
the sun will be vertical to anyone located in that cut. But 
all inhabitants of that parallel pass by there, carried by the 
earth’s rotation, and have the midday sun directly over- 
head; therefore the sun will appear to all inhabitants of the 
earth to be tracing out the greatest parallel, called the 
equatorial circle. 

Moreover, the earth being at either of the solstitial 
points, one of the polar circles IK or LM is entirely in the 

_light and the other in the shadow; but when the earth is at 
the equinoctial points, half of each of these polar circles is 
in the light and the balance in the dark. It should not be 
hard to see how the earth in passing, for example, from 
Cancer (where the parallel IK is entirely dark) to Leo, a 
part of the parallel IK toward the point I will commence to 
enter the light, and the boundary of light IM will begin to 
retreat toward the poles A and B, cutting the circle ACBD 
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no longer at I and M, but in two other points falling be- 
tween the endpoints I, A, M, and B, of the arcs IA and MB. 
Thus the inhabitants of the circle IK begin to enjoy the 
light, and those of the circle LM to experience the dark- 
ness. 

See, then, how two simple noncontradictory motions as- 

signed to the earth, performed in periods well suited to 
their sizes, and also conducted from west to east as in the 
case of all movable world bodies, supply adequate causes 
for all the visible phenomena. These phenomena can be 
reconciled with a fixed earth only by renouncing all the 
symmetry that is seen among the speeds and sizes of mov- 
ing bodies, and attributing an inconceivable velocity to an 
enormous sphere beyond all the others, while lesser spheres, 
move very slowly. Besides, one must make the motion of the 
former contrary to that of the latter, and to increase the im- 
probability, must have the highest sphere transport all the 
lower ones opposite to their own inclination. I leave it to 
your judgment which has the more likelihood in it. 
SAGR. For my part, so far as my senses are concerned, 
there is a great difference between the simplicity and ease 
of effecting results by the means given in this new 
arrangement and the multiplicity, confusion, and difficulty 
found in the ancient and generally accepted one. For if the 
universe were ordered according to such a multiplicity, 
one would have to remove from philosophy many axioms 
commonly adopted by all philosophers. Thus it is said that 
Nature does not multiply things unnecessarily; that she 
makes use of the easiest and simplest means for producing 
her effects; that she does nothing in vain, and the like. 

I must confess that I have not heard anything more ad- 
mirable than this, nor can I believe that the human mind 
has ever penetrated into subtler speculations. I do not 
know how it looks to Simplicio. 

Simp. If I must tell you frankly how it looks to me, these 
appear to me to be some of those geometrical subtleties 
which Aristotle reprehended in Plato when he accused 
him of departing from sound philosophy by too much 
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study of geometry. I have known some very great Peri- 
patetic philosophers, and heard them advise their pupils 
against the study of mathematics as something which 
makes the intellect sophistical and inept for true philoso- 
phizing; a doctrine diametrically opposed to that of Plato, 
who would admit no one into philosophy who had not first 
mastered geometry. 

SALV. I endorse the policy of these Peripatetics of yours 
in dissuading their disciples from the study of geometry, 
since there is no art better suited for the disclosure of their 
fallacies. You see how different they are from the mathe- 
matical philosophers, who much prefer dealing with those 
who are well informed ‘about the general Peripatetic phi- 
losophy than with those who lack such information and 
because of that deficiency are unable to make comparisons 
between one, doctrine and the other. 

But setting all this aside, please tell me what absurdities 
or excessive subtleties make this Copernican arrangement 
the less plausible so far as you are concerned. 

Simp. As a matter of fact, I did not completely understand 
it, perhaps because I am not very well versed either in the 
way the same effects are produced by Ptolemy—I mean 
these planetary stoppings, retrograde movements, ap- 
proaches and retreats, lengthenings and shortenings of the 
day, alterations of the seasons, etc. But passing over the 
consequences which stem from the basic assumptions, | 
feel no small difficulties to exist in these assumptions 
themselves, and if the assumptions fall to the ground then 
they bring the whole structure into ruin. Now since the 
whole framework of Copernicus seems to me to be built 
upon a weak foundation (being supported upon the mobil- 
ity of the earth), then if this were removed, there would be 
no room for further argument. And to remove it, Aristotle’s 
axiom that to a simple body only one simple motion can be 
natural appears to be sufficient. Here three movements, if 
not four, are assigned to the earth, a simple body; and all of 
them are quite different from one another. For besides the 
straight motion toward the center, which cannot be denied 


Peripatetic 
philoso- 
phers con- 
demn the 
study of 
geometry. 


Four 
diverse 
motions 
attributed to 
the earth. 


462 - The Third Day 


Motion 
downward 
belongs not 
to the ter- 
restrial 
globe but to 
its parts. 

1 


Annual mo- 
tion and 
diurnal 
motion 
compatible 
in the earth. 


Every pen- 
dant and 
balanced 

body car- 
ried around 
in the cir- 
cumference 
of a circle 
acquires by 
itself a con- 
trary mo- 
tion of its 
own. 


to it as a heavy body, there are ascribed to it a circular mo- 
tion in a great circle around the sun in one year, and a 
whirling upon itself every twenty-four hours, and (what is 
most extreme, and possibly for that reason you have re- 
mained silent about this) another whirling about its own 
center, completed in a year, and opposite to the previously 
mentioned twenty-four-hour motion. My mind feels a 
great repugnance to this. 

SALV. As to the motion downward, that has already been 
proved not to belong to the terrestrial globe at all, which 
never has moved with any such movement and never will. 
This belongs to its parts, and’to them only in order to re- 
join them with their whole. 

Then as to the annual and diurnal movements, these, 
being made in the same direction, are quite compatible, in 
the same way that if we were to let a ball run down a steep 
surface, it would, in descending spontaneously along that, 
turn upon itself. 

Concerning this third motion about itself in one year, 
attributed to the earth by Copernicus merely to keep its 
axis tilted and pointed toward the same part of the firma- 
ment, I am going to tell you something which deserves 
your most careful consideration. Far from there being any 
repugnance or difficulty in it (though it is opposite to the 
other annual motion), it is naturally suited to any sus- 
pended and balanced body you please, and without requir- 
ing any cause of motion. Such a body, if carried around 
along the circumference of a circle, immediately acquires 
by itself a rotation about its own center opposite to that 
which carries it around; and the speed of this is such that 
both motions will finish one revolution in precisely the 
same time. You may see this wonderful effect, which suits 
our present purposes so well, by putting into a basin of 
water a floating ball and holding the bowl in your hand. If 
you turn around on your toe, the ball will promptly com- 
mence to revolve upon itself with a motion opposite to 
that of the bowl, and will complete its rotation when that 
of the bowl is completed. 
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Now what else is the earth but a globe, suspended and 
balanced in thin and yielding air, which, carried around 
the circumference of a great circle in one year, must in- 
deed acquire—with no other mover—an annual spin 
around its own center opposite to that annual motion? You 
will see the effect, but if you proceed to reflect correctly 
about it you will discover that it is not a real thing, but a 
mere appearance, and that what looks to you like a revolv- 
ing about itself is a motionlessness and a conservation of 
the whole unchanged with respect to everything which re- 
mains stationary outside of yourself and the bowl. For if 
you make some mark upon the ball and consider in what 
direction this points (toward what part of the wall of the 
room you are in, or the field, or the sky), you will see that 
the mark always points the same way during the revolution 
of the bowl and yourself. But comparing it with the bowl 
and with yourself (these being moving), it will indeed ap- 
pear to keep on changing direction and to box the compass 
in its rotation, with a motion contrary to that of the bowl 
and yourself. Thus it may be more correctly said that you 
and the bowl are rotating around the motionless ball than 
that the latter is turning around in the bowl. In such a man- 
ner is the earth suspended and balanced in the circumfer- 
ence of its orbit, and so located that one of its markings 
(which could be, for example, the North Pole) points 
toward such-and-such’a star, or other part of the firma- 
ment, and is kept always directed toward this, despite its 
being carried around the circumference of its orbit in the 
annual motion. 

This alone is enough to put an end to your surprise and 
to remove every difficulty. But what will Simplicio say if, 
to this independence of any cooperating cause, we add a 
remarkable force inhering in the terrestrial globe and 
making it point with definite parts of itself toward definite 
parts of the firmament? I am speaking of magnetic force, in 
which every piece of lodestone constantly participates. 
And if every tiny particle of such stone has in it such a 
force, who can doubt that the same force resides to a still 
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higher degree within the whole of this terrene globe, 
which abounds in this material? Or that perhaps the globe 
itself is, as to its internal and primary substance, nothing 
but an immense mass of lodestone? 

Simp. Then you are one of those people who adhere to 
the magnetic philosophy of William Gilbert? ~ 

SALV. Certainly I am, and I believe that I have for com- 
pany every man who has attentively read his book and car- 
ried out his experiments. Nor am I without hope that what 
has happened to me in this regard may happen to you also, 
whenever a curiosity similar to mine, and a realization that 
numberless things in nature remain unknown to the 
human intellect, frees you from slavery to one particular 
writer or another on the subject of natural phenomena, 
thereby slackening the reins on your reasoning and soften- 
ing your stubborn defiance of your senses, so that some 
day you will not deny them by giving ear to voices which 
are heard no more. 

Now, the cowardice (if we may be permitted to use this 
term) of ordinary minds has gone to such lengths that not 
only do they blindly make a gift—nay, a tribute—of their 
own assent to everything they find written by those au- 
thors who were lauded by their teachers in the first infancy 
of their studies, but they refuse even to listen to, let alone 
examine, any new proposition or problem, even when it 
not only has not been refuted by their authorities, but not 
so much as examined or considered. One of these prob- 
lems is the investigation of what is the true, proper, basic, 
internal, and general matter and substance of this terres- 
trial globe of ours. Even though neither Aristotle nor any- 
body else before Gilbert ever took it into his head to 
consider whether this substance might be lodestone (let 
alone Aristotle or anybody else having disproved such an 
opinion), | have met many who have started back at the 
first hint of this like a horse at his shadow, and avoided dis- 
cussing such an idea, making it out to be a vain hallucina- 
tion, or rather a mighty madness. And perhaps Gilbert’s 
book would never have come into my hands if a famous 
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_ Peripatetic philosopher had not made me a present of it, I 
think in order to protect his library from its contagion. 
SIMP. I frankly confess myself to have been one of these 
ordinary minds, and it is only since I have been allowed 
during the past few days to take part in these conferences 
of yours that I am aware of having wandered somewhat 
from the trite and popular path. But I do not yet feel so 
much awakened that the roughness of this new and curious 
opinion does not make it seem to me very laborious and 
difficult to master. 

SALV. If what Gilbert writes is true, it is not an opinion; it 
is a scientific subject; it is not a new thing, but as ancient as 
the earth itself; and if true, it cannot be rough or difficult, 
- but must be smooth and very easy. If you like, I can make 
it evident to you that you are creating the darkness for 
yourself, and feeling a horror of things which are not in 
themselves dreadful—like a little boy who is afraid of 
bugaboos without knowing anything about them except 
their name, since nothing else exists beyond the name. 
Sime. I should enjoy being enlightened and removed from 
error. 

SALV. Then answer the questions I am about to ask you. 
First, tell me whether you believe that this globe of ours, 
which we inhabit and call “earth,” consists of a single and 
simple material, or an aggregate of different materials. 
SIMP. I can see that it is composed of very diverse sub- Terrestrial 
stances and bodies. In the first place, I see water and earth globe 


: : : : c composed 
as its major components, which are quite different from o¢ divers 
each other. materials. 


SALV. For the present let us leave out the oceans and other 
waters, and consider just the solid parts. Tell me whether 
these seem to you to be all one thing, or various things. 

SIMP. As to appearances, I see them various, finding great 
fields of sterile sand, and others of fertile and fruitful soil, 
innumerable barren and rugged mountains are to be seen, 
full of hard rocks and stones of the most various kinds, 
such as porphyry, alabaster, jasper, and countless sorts of 
marble; there are vast mines of many species of metal, and, 


466 - The Third Day 


in a word, such a diversity of materials that a whole day 
would not suffice to enumerate these alone. 

Sav. Now of all these different materials, do you believe 
that in the composition of this great mass they occur in 
equal proportions? Or rather that among them all there is 
one part which far exceeds the others and is in effect the 
principal matter and substance of this huge bulk? 

S1MP. I believe that the stones, the marbles, the metals, the 
gems, and other materials so diverse are exactly like jewels 
and ornaments, external and superficial to the original 
globe, which I think immeasurably exceeds in bulk all 
these other things. - 

SALV. Now this vast principal bulk, of which the things 
you have named resemble excrescences and ornaments: Of 
what do you believe this to be made? 

Stmp. I think it is the simple, less impure, element of 
earth. 

SALV. But what is it that you understand by “earth”? Is it 
perhaps that which is spread over fields, which is broken 
with spades and plows, in which grain and fruit are sown and 
great forests spring up spontaneously? Which, in a word, is 
the habitat of all animals and the womb of all vegetation? 
Simp. This, I should say, is the primary substance of our 
globe. 

SALV. Well, that does not seem to me to be a very good © 
thing to say. For this earth that is broken, sown, planted, 
and that bears fruit is one part of the surface of the globe, 
and quite a shallow part. It does not go very deep in rela- 
tion to the distance to the center, and experience shows 
that by digging not far down materials are to be found very 
different from the external crust; harder, and not any good 
for producing vegetation. Besides, the more central parts 
may be supposed, from being compressed by the very 
heavy weights which rest upon them, to be compacted to- 
gether and to be as hard as the most solid rock. Add to this 
that it would be vain to endow with fertility material never 
destined to produce crops, but merely to remain buried 
forever in the deep dark abysses of the earth. 
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S1mMP. Who is to say that the interior parts, close to the 

center, are sterile? Perhaps they also have their produce of 

things unknown to us. 

SALV. Why, you, of all people, since you understand so 

well that all the integral parts of the universe are produced 

for man’s benefit alone—you ought to be most certain that 

this above all should be destined for the sole convenience 

of us inhabitants of it. And what good could we get out of 
materials so hidden from us and so remote that we can 

never make them available? The interior substance of this Internal 
globe of ours, then, cannot be material which can be bro- Parts of the 
ken or dissipated, or is loose like this topsoil which we call nn 
“earth,” but must be a very dense and solid body; in a word, _ be most 
very hard rock. And if it must be such, what reason have sole 
you for being more reluctant to believe that it is lodestone 

than that it is porphyry, jasper, or some other hard stone? If 

Gilbert had written that the inside of this globe is made of 
sandstone, or chalcedony, perhaps the paradox would 

seem less strange to you? 

Simp. I grant that the most central parts of this globe are 

much compressed, and therefore compacted together 

and solid, more and more so as they go deeper; Aristotle 

also concedes this. But I am not aware of any reasons 

which oblige me to believe that they degenerate and 

become other than earth of the same sort as this on the 

surface. 

SALV. I did not interject this argument for the purpose of 

proving conclusively to you that the primary and real sub- 

stance of this globe of ours is lodestone, but merely to - 

show you that there is no reason for people to be more re- 
luctant to grant that it is lodestone than any other material. Our globe 
And if you think it over, you will find that it is not improb- ye i 
able ‘that merely a single and arbitrary name motivated “stone” 
men to believe that this substance is earth, from the name pi 
“earth” being commonly used to signify that material that name 
which we plow and sow, as well as to name this globe of had been 
ours. But if the name for the latter had been taken from #”°"'°* 


from the 
stone (as it might just as well have been as from earth) then _ beginning. 
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saying that its primary substance was stone would surely 
not have met resistance or contradiction from anybody. In- 
deed, this is much more probable; [ think it certain that if 
one could husk this great globe, taking off only a bulk of 
one or two thousand yards, and then separate the stones 
from the earth, the pile of rocks would be much, much 
larger than that of fertile earth. 

Now I have not adduced for you any of the reasons 
which conclusively prove de facto that our globe is made of 
lodestone, nor is this the time to go into those, the more so 
as you may look them up in Gilbert at your leisure. I am 
merely going to explain, with a certain likeness to my own, 
his method of procedure in philosophizing, in order that I 
may stimulate you to read it. | know that you understand 
quite well how much a knowledge of events contributes to 
an investigation of the substance and essence of things; 
therefore I wish you to take care to inform yourself thor- 
oughly about many events and properties that are found 


‘ uniquely in lodestone. Examples of this are its attraction 


of iron, and its conferring this same power upon iron 
merely by its presence; likewise its communicating to iron 
the property of pointing toward the poles, just as it retains 
this power in itself. Moreover, I want you to make a visual 
test of how there resides in it a power of conferring upon 
the compass needle not only the property of pointing 
toward the poles with a horizontal motion under the 
meridian—a property long since known—but also a newly 
observed faculty of vertical dip when it is balanced upon a 
small sphere of lodestone on which this meridian has been 
previously marked. J mean that'the needle declines from a 
given mark, a greater or less amount according as the nee- 
dle is taken closer to or farther from the pole, until at the 
pole itself it stands erect and perpendicular, while in the 
equatorial regions it remains parallel to the axis. 

Next, make a test of the power of attraction being more 
active in every piece of lodestone, nearer the poles than at 
the middle, and noticeably stronger at one pole than at the 
other, the stronger pole being the one which points toward 
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the south. Note that in a small lodestone this stronger 
south pole becomes weaker whenever it is required to sup- 
port some iron in the presence of the north pole of a much 
larger lodestone. To make a long story short, you may as- 
certain by experiment these and many other properties 
described by Gilbert, all of which belong to lodestone and 
none to any other material. 

Now, Simplicio, suppose that a thousand pieces of dif- Conclusive 
ferent materials were set before you, each one covered and argument 
enclosed in cloth under which it was hidden, and that you | pa 
were asked to find out from external indications the mate-. globe being 
rial of each one without uncovering it. If, in attempting to 7 !0destone. 
do this, you should hit upon one which plainly showed it- 

self to have all the properties which you had already rec- 
ognized as residing only in lodestone and not in any other 
material, what would you judge to be the essence of that 
material? Would you say that it might be a piece of ebony, 
or alabaster, or tin? 
S1MP. There is no question at all that I should say it was a 
piece of lodestone. 
SALV. In that case, declare boldly that under this covering 
or wrapper of earth, stone, metal, water, etc. there is con- 
cealed a huge lodestone. For in regard to this there are rec- 
ognized, by anyone who observes carefully, all the same 
events which are perceived to belong to a true and uncon- 
cealed sphere of lodestone. If nothing more were to be ob- 
served than the dipping of the needle, which, carried 
around the earth, tilts more upon its approach to the pole 
and less as it goes toward the equator, where it finally be- 
comes balanced, this alone ought to persuade the most 
stubborn judgment. I say nothing of another remarkable 
effect which is plainly seen in all pieces of lodestone and 
causes the south pole of a lodestone to be stronger than the 
other for us inhabitants of the Northern Hemisphere. This 
difference is found to be the greater, the more one departs 
from the equator; at the equator, both sides are of equal 
strength, though noticeably weaker. But in the southern 
regions, far from the equator, it changes its nature and the 
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side which is the weaker for us acquires power over the 
other. All this conforms with what we see done by:a little 
piece of lodestone in the presence of a big one whose force 
prevails over the smaller and makes it subservient, so that 
according as it is held near to or far from the equator of the 
large one, it makes just such variations as I have told you 
are made by every lodestone carried near to or far from the 
earth’s equator. 

SAGR. I was convinced at my first perusal of Gilbert’s ° 
book, and, having found an excellent piece of lodestone, I 
made many observations over a long period, all of which 
merited the greatest wonder. But what seemed most aston- 
ishing of all to me was the great increase in its power of 
sustaining iron when provided with an armature in the 
manner taught by this same author. By thus equipping my 
piece I multiplied its strength by eight, and where previ- 
ously it would scarcely hold up nine ounces of iron, with 
the armature it would sustain more than six pounds, Per- 
haps you have seen this very piece, sustaining two little 
iron anchors, in the gallery of your Most Serene Grand 
Duke, on whose behalf I parted with it. 

SALV. I used to look at it frequently with great amaze- 
ment, until a still greater admiration seized me because of 
a little specimen in the possession of our Academician. 
This, being not over six ounces in weight and sustaining no 
more than two ounces unarmatured, supports one hun- 
dred sixty ounces when so equipped. Thus it bears eighty 
times-as much with an armature as without, and holds up 
twenty-six times its own weight. This is a greater marvel 
than Gilbert was able to behold, since he writes that he was 
never able to get a lodestone which succeeded in sustain- 
ing four times its own weight. 

SAGR. It seems to me that this stone opens to the human 
mind a large field for philosophizing, and I have often 
speculated to myself on how it imparts to the iron which 
arms it a force so greatly superior to its own. But I was un- © 
able ever to find any satisfactory solution, nor did I find 
anything to much advantage in what Gilbert has to say on 
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this particular. I wonder whether the same is true of 
you. 

SALV. I have the highest praise, admiration, and envy for 
this author, who framed such a stupendous concept’ re- 
garding an object which innumerable men of splendid in- 
tellect had handled without paying any attention to it. He 
seems to me worthy of great acclaim also for the many 
new and sound observations which he made, to the shame 
of the many foolish and mendacious authors who write not 
just what they know, but also ail the vulgar foolishness they 
hear, without trying to verify it by experiment; perhaps 
they do this in order not to diminish the size of their books. 
What I might have wished for in Gilbert would be a little 
more of the mathematician, and especially a thorough 
grounding in geometry, a discipline which would have 
rendered him less rash about accepting as rigorous proofs 
those reasons which he puts forward as verae causae for the 
correct conclusions he himself had observed. His reasons, 
candidly speaking, are not rigorous, and lack that force 
which must unquestionably be present in those adduced as 
necessary and eternal scientific conclusions. 

I do not doubt that in the course of time this new sci- 
ence will be improved with still further observations, and 
even more by true and conclusive demonstrations. But this 
need not diminish the glory of the first observer. I do not 
have a lesser regard for the original inventor of the harp 
because of the certainty that his instrument was very 
crudely constructed and more crudely played; rather, I ad- 
mire him much more than a hundred artists who in ensu- 
ing centuries have brought this profession to the highest 
perfection. And it seems to me most reasonable for the an- 
cients to have counted among the gods those first inventors 
of the fine arts, since we see that the ordinary human mind 
has so little curiosity and cares so little for rare and gentle 
things that no desire to learn is stirred within it by seeing 
and hearing these practiced exquisitely by experts. Now 
consider for yourself whether minds of that sort would 
ever have been applied to the construction of a lyre or to 
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the invention of music, charmed by the mere whistling of 
dry tortoise tendons, or the striking of four hammers! To 
apply oneself to great inventions, starting from the small- 
est beginnings, and to judge that wonderful arts lie hidden 
behind trivial and childish things is not for ordinary minds; 
these are concepts and ideas for superhuman souls. 

Now, in answer to your question, I say that I also 
thought for a long time to find the cause for this tenacious 
and powerful connection that we see between the iron ar- 
mature of a lodestone and the other iron which joins itself 
to it. In the first place, I am certain that the power and force 
of the stone is not increased at all by its having an arma- 
ture, for it does not attract through a longer distance. Nor 
does it attract a piece of, iron as strongly if a thin slip of 
paper is introduced between this and the armature; even if 
a piece of gold leaf is interposed, the bare lodestone will 
sustain more iron than the armature. Hence there is no 
change here in the force, but merely something new in its 
effect. 

And since for a new effect there must be a new cause, 
we seek what is newly introduced by the act of supporting 
the iron via the armature, and no other change is to be 
found than a difference in contact. For where iron origi- 
nally touched lodestone, now iron touches iron, and it is 
necessary to conclude that the difference in these contacts 
causes the difference in the results. Next, the difference 
between the contacts must come, so far as I can see, from 
the substance of the iron being finer, purer, and denser in 
its particles than is that of the lodestone, whose parts are 
coarser, less pure, and less dense. From this it follows that 
the surfaces of the two pieces of iron which are to touch, 
when perfectly smoothed, polished, and burnished, fit to- 
gether so exactly that all the infinity of points on one 
touch the infinity of points on the other. Thus the threads 
which unite the pieces of iron are, so to speak, more nu- 
merous than those which join lodestone to iron, on ac- 
count of the substance of lodestone being more porous 
and less integrated, so that not all the points and threads on 
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the surface of the iron find counterparts to unite with on 
the surface of the lodestone. 

Now we may see that the substance of iron (especially showing 
when much refined, as is the finest steel) is much more that ironis 
‘dense, fine, and pure in its particles than is the material of cee 
lodestone, from the possibility of bringing the former to an and denser 
extremely thin edge, such as a razor edge, which can never ite : 
be done to a piece of lodestone with any success. The im- 
purity of the lodestone and its adulteration with other showing to 
kinds of stone can next be sensibly observed; in the first the senses 

; the impu- 

place by the color of some little spots, gray for the most ity of 
part, and secondly by bringing it near a needle suspended _lodestone. 
on a thread. The needle cannot come to rest at these little 
stony places; it is attracted by the surrounding portions, 
and appears to leap toward these and flee from the former 
spots. And since some of these heterogeneous spots are 
large enough to be easily visible, we may believe that oth- 
ers are scattered in great quantity throughout the mass but 
are not noticeable because of their small size. 

What I am telling you (that is, that the great abundance 
of contacts made between iron and iron is the cause of so 
solid an attachment) is confirmed by an experiment. If we 
present the sharp point of a needle to the armature of a 
lodestone, it attaches itself no more strongly than it would 
to the bare lodestone; this can result only from the two 
contacts being equal, both being made at a single point. 
But now see what follows. A needle is placed upon the 
lodestone so that one of its ends sticks out somewhat be- 
yond, and a nail is brought up to this. Instantly the needle 
will attach itself to it so firmly that upon the nail being 
drawn back, the needle can be suspended with one end at- 
tached to the lodestone and the other to the nail. With- 
drawing the nail still farther, the needle will come loose 
from the lodestone if the needle’s eye is attached to the 
nail and its point to the lodestone; but if the eye is toward 
the lodestone, the needle will remain attached to the lode- 
stone upon withdrawing the nail. In my judgment, this is 
for no other reason than that the needle, being larger at the 
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eye, makes contact in more places than it does at its very 
sharp point. 
SAGR. The entire argument looks convincing to me, and I 
rank these experiments with the needle very little lower 
than mathematical proof. I frankly admit that in the entire. 
magnetic science I have not heard or read anything which 
gives so cogently the reasons for any of its other remark- 
able phenomena. If their causes were to be explained to us 
this clearly, I can think of nothing pleasanter that our in- 
tellects could wish for. 
SALYV. In investigating the unknown causes of our conclu- 
sions, one must be lucky enough right from the start to di- 
rect one’s reasoning along the road of truth. When traveling 
along that road, it may easily happen that other propositions . 
will be encountered which are recognized as true either 
through reason or experience. And from the certainty of 
these, the truth of our own will acquire strength and evi- 
dence. This is exactly what happened for me in the present 
instance. Wishing to assure myself by some other observa- 
tion that the cause [ had turned up was correct (that is, that 
the substance of the lodestone really was much less contin- 
uous than that of iron or steel), [ had the artisans who work 
in the museum of my lord the Grand Duke smooth for me 
one face of that same piece of lodestone which was formerly 
yours, and then polish and burnish it as much as possible. To 
my great satisfaction, this enabled me to experience directly 
just what I sought. For there I found many spots of different 
color from the rest, bright and shiny as any very dense, hard 
stone; the rest of the field was polished only to the touch, 
being not the least bit shiny, but rather as if covered with 
mist. This was the substance of the lodestone, and the shiny 
parts were of other stones mixed with it, as was sensibly 
recognized by bringing the smooth face toward some iron 
filings, which leaped in large quantities to the lodestone. But 
not a single grain went to the spots mentioned, of which: 
there were many, some as large as a quarter of a fingernail, 
some rather smaller, and many quite small; those which 
were scarcely visible were almost innumerable. 
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Thus was I assured that my idea had been quite correct 
when I first judged that the substance of the lodestone 
must be not continuous and compact, but porous. Better 
yet, spongy; though with this difference: where the cavities 
and cells of a sponge contain air or water, those of the 
lodestone are filled with hard and heavy stone, as shown by 
the high lustre that they take on. Whence, as I said at the 
outset, upon applying the surface of iron to the surface of 
a lodestone, the minute particles of iron—though contin- 
uous in perhaps a greater degree than those of any other 
material, as shown by their shining more than any other 
material—do not all meet solid lodestone, but only a few 
of them; and the contacts being few, the attachment is 
weak. But the armature of a lodestone, in addition to 
touching a large part of its surface, is also vested with the 
force of the closer parts even though not touching them; 
and being quite flat on the side applied to the suspended 
iron (this also being well smoothed), contact is made by in- 
numerable tiny particles if not by the infinity of points on 
both surfaces, which yields a very strong attachment. 

This experiment of smoothing the surfaces of the 
pieces of iron which are to touch was not performed by 
Gilbert, instead, he makes the irons convex, so that their 
contact is small, from which it comes about that the tenac- 
ity with which those irons stick together is very much less. 
SAGR. The reason you give, as I have just remarked, satis- 
fies me little less than it would if it were a pure geometri- 
cal proof. And since it concerns a physical problem, I 
suppose Simplicio is also convinced as fully as is permitted 
by natural science, in which he is aware that geometrical 
evidence cannot be demanded. Sympathy 
Simp. Truly, I think that Salviati’s eloquence has so ri re 
clearly explained the cause of this effect that the most terms used 
mediocre mind, however unscientific, would be persuaded. ae 
But we who restrict ourselves to philosophical terminol- rendetiy 
ogy reduce the cause of this and other similar effects to reasons eas- 

, : : . ily for many 

sympathy, which is a certain agreement and mutual desire plies 
that arise between things which are similar in quality effects. 
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among themselves, just as on the other hand that hatred 
and enmity through which other things naturally fly apart 
and abhor each other is called by us antipathy. 

SaGR. And thus, by means of two words, causes are given 
for a large number of events and effects which we behold 
with amazement when they occur in nature. Now this 
method of philosophizing seems to me to have great sym- 
pathy with a certain manner of painting used by a friend of 
mine. He would write on the canvas with chalk: “This is 
where I'll have the fountain, with Diana and her nymphs; 
here, some greyhounds; there, a hunter with a stag’s head. 
The rest is a field, a forest, and hillocks.” He left everything 
else to be filled in with color by a painter, and with this he 
was satisfied that he himself had painted the story of 
Acteon—not having contributed anything of his own ex- 
cept the title. 

But whither are we wandering with so long a digression, 
contrary to our established arrangements? I have almost 
forgotten what we were talking about when we veered into 
this discourse on magnetism. Still, I had something in 
mind to say on the subject, whatever it was. 

SALV. We were proving that the third motion attributed to 
the earth by Copernicus was not a movement at all, but a 
state of rest and an immutable keeping of definite parts 
pointed toward the same definite points in the universe; 
that is, a perpetual maintenance of the axis of diurnal ro- 
tation parallel to itself and pointing at certain fixed stars. 
This perfectly constant position, we were saying, belongs 
naturally to every body which is balanced and suspended 
in a fluid and yielding medium; for, though turned around, 
it does not change direction with respect to external 
things, but merely seems to turn upon itself with respect to 
the person carrying it and to the bowl in which it is carried. 

Let us add next, to this simple and natural event, the 
magnetic force by which the terrestrial globe may be kept 
so much the more solidly immutable, etc. 

SAGR. Now I remember the whole thing. What was pass- 
ing through my mind at that time, and what I wanted to 
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bring out, was a certain consideration regarding the diffi- 
culty and objection raised by Simplicio against the earth’s 
mobility. This was based upon the impossibility of at- 
tributing a multiplicity of motions to a simple body, for 
which in Aristotle’s doctrine only one single simple mo- 
tion can be natural. 
What I wanted to bring up for consideration was pre- 

cisely the lodestone, to which three movements are sensi- Three 
bly seen to belong naturally: One toward the center of the diverse 
earth as a heavy object; a second is the horizontal circular ‘Save et 
motion by which it restores and conserves its axis in the di- ~ lodestone. 
rection of certain parts of the universe; and third is this 
one discovered by Gilbert, of dipping its axis in the merid- 

- jan plane toward the surface of the earth, in greater or less 
degree proportionate to its distance from the equator 
(where it remains parallel to the axis of the earth). Besides 
these three, it is perhaps not improbable that it may have a 
fourth motion of turning about its own axis, whenever it is 
balanced and suspended in air or some other fluid and 
yielding medium and all external and accidental impedi- 
ments are taken away; Gilbert himself also shows his ap- 
proval of this idea. So you see, Simplicio, how shaky 
Aristotle’s axiom 1s. 
SIMP. This not only does not hit his maxim, but is not 
even aimed at it, since he was talking about a simple body 
and what can be naturally adapted to that, while you op- Aristotle 
pose him with what is done by a compound body. Nor are eo a 
you saying anything that is new to Aristotle’s doctrine, for — — ~ 
he also grants to compound bodies compound motions, compound 
etc. . bodies. 
SAGR. Wait a moment, Simplicio. Answer the questions I 
am going to ask you. You say that the lodestone is not a 
simple body, but a compound one; now I ask you what are 
the simple bodies which are mixed in the compounding of 
lodestone? 
SIMP. I cannot tell you the ingredients or the exact pro- 
portions, but it is sufficient that they are elementary 


bodies. 
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SAGR. That is enough for me, too. And what are the nat- 
ural motions of these elemental bodies? 

Simp. They are the two simple straight motions, sursum 
and deorsum. : 
SAGR. Next, tell me this: Do you believe that the motion 
which is natural to such a compound body must be one 
which could result from the combination of the two simple 
natural motions of the component simple bodies? Or 
might it be still another motion, one not possible to com- 
pound from those? 

SiMpP. I believe that it will move with that motion resultant 
from the composition of the motions of the component 
simple bodies, and that it could not move with any motion 
impossible to compound from these. 

SAGR. But Simplicio, you can never compound one circu- 
lar motion from the two simple straight motions, and the 
lodestone has two or three different circular motions. So 
you see the trouble into which badly founded principles 
lead—or, rather, badly drawn consequences from good 
principles. For next you will be forced to say that the lode- 
stone is a compound composed of elemental and celestial 
substances, if you wish to maintain that straight motion 
belongs enly to the elements, and circular to the heavenly 
bodies. Therefore if you want to philosophize with assur- 
ance, say that the integral bodies of the universe which 
are naturally movable all move circularly, and that con- 
sequently lodestone, as a part of the true primary and 
integral substances of our globe, partakes of this same 
nature. 

_And please note that by your fallacious reasoning you 
are calling lodestone a compound body, and the terres- 
trial globe a simple body; yet the latter may be seen to be 
a hundred thousand times more compounded, since be- 
sides containing thousands and thousands of materials 
quite different from each other, it contains a great abun- 
dance of the very thing you call compound; I mean lode- 
stone. This seems to me the same as if someone were to 
call bread a compound body, and hash a simple body, 
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though into hash there enters no small quantity of bread, 
besides a hundred different foods which are eaten with 
bread. 
It really seems to me a remarkable thing (among others) 
that the Peripatetics concede—as indeed they cannot 
deny—that our terrestrial globe is de facto a compound of 
infinitely diverse materials; that they next concede that the 
motions of compound bodies must be compound; that the 
motions which can be compounded are the straight and 
the circular, since the two straight motions are incompati- Peripatetic 
ble on account of being contrary to one another; they af- *esoning 
, full of fal- 
firm that the pure element of earth is not to be found; and jacies and 
they grant that the earth is never moved with any local  contradic- 
motion. Finally they want to place in nature this body ‘®"* 
which is nowhere to be found, and make it movable with a 
motion which it has never employed and never will em- 
ploy; but to this actual body which does exist and always 
has existed they deny that very motion which they origi- 
nally conceded must be naturally suited to it! 
SALV. Sagredo, please let us weary ourselves no longer 
with these particulars, especially since you know that our 
goal is not to judge rashly or accept as true either one 
opinion or the other, but merely to set forth for our own 
pleasure those arguments and counterarguments which 
can be adduced for one side and for the other. Simplicio 
answers thus in order to rescue his Peripatetics; therefore 
we shall suspend judgment, and leave this in the hands of 
whoever knows more about it than we do. 
And since it seems to me that in these three days the 
system of the universe has been discussed at great length, 
it is now time for us to take up that principal event from 
which our discussions took their rise; J mean the ebb and 
flow of the oceans, whose cause may be assigned very. 
probably to the movement of the earth. But this we shall 
postpone until tomorrow, if that is satisfactory to you. 
Meanwhile, lest I forget, I want to tell you about one An improb- 
particular to which I wish Gilbert had not lent his ear. This able effect 


iG ° : which 
is his concession that if a small sphere of lodestone were  Githert 
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exactly balanced, it would revolve upon itself; for this no 
cause whatever exists. For if the entire terrestrial globe has 
by its nature a rotation about its own center every twenty- 
four hours, and all its parts must also rotate together with 
the whole around its center in twenty-four hours, then by — 
being on the earth they already actually have this motion, 
turning together with the earth, and to assign to them a 
motion around their own centers would be to attribute to 
them a second movement quite different from the first. 
Thus they would have two motions; that is, a rotation in 
twenty-four hours about the center of the whole, and a 
revolution upon their own centers. Now this second mo- 
tion is arbitrary, and there is no reason whatever for intro- 
ducing it. If, upon becoming detached from the whole 
natural mass, a piece of lodestone were deprived of the 
property of following that mass as it did while they were 
joined together (so that it would be deprived of the revo- 
lution about the universal center of the terrestrial globe), 
there might perhaps be a greater probability for believing 
that it would take upon itself a new whirling about its own 
particular center. But if it always continues its original nat- 
ural and perpetual course whether separated or attached, 


‘then to what purpose would another new one be added? 
‘SAGR. I see what you mean, and it puts me in mind of an 


argument very similar to this in its inanity; it is set forth by 
certain writers on spherical astronomy, Sacrobosco among 
others, if my memory: serves me correctly. In order to 
prove that the element of water is shaped into a spherical 
surface together with the land, the two of them forming 
this globe of ours, he writes that a conclusive proof of this 
is the seeing of minute particles of water shaping them- 
selves into a rounded form, as in the dewdrops seen daily 
on the leaves of many plants. And therefore, according to 
the commonplace axiom, “The same applies to the whole’ 
which applies to the parts,” since the parts assume this 
shape, the entire element does. Now it seems to me very 
muddle-headed on the part of such authors not to see their 
obvious trifling here, and not to consider that if their argu- 
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ment were correct, then not only the minute drops, but 
any larger quantity of water you please would reduce itself 
to a ball when separated from the whole of its element. 
Such is not the case at all; indeed, one may sensibly see and 
intellectually understand that since the element of water 
likes to form into a spherical shape about the common 
center of gravity toward which all heavy bodies tend 
(which is the center of the terrestrial globe), all its parts 
follow it in this, in accordance with the axiom, so that the 
surfaces of all seas, lakes, pools, and in short all portions of 
water contained in vessels, do extend themselves in a 
spherical shape. But this sphere has for its center the cen- 
ter of the terrestrial globe, and bodies of water do not form 
individual spheres of their own. 
SALV. The error is indeed puerile, and if it were only Sac- 
robosco who had made it I should freely excuse this in him. 
But I cannot pardon it likewise in his commentators and in 
other famous men, and in even Ptolemy himself, without 
blushing for their reputations. 

But now it is time to take leave, for it is getting late; and 
tomorrow we shall meet at the usual time, for the end and 
goal of all our previous discussions. 


END OF THE THIRD Day 


ie POMEL Aan 


SAGREDO. I do not know whether you are really arriving 
later than usual for our accustomed discussion or whether 
it yust seems so to me because of my desire to hear 
Salviati’s thoughts on such an interesting matter. I have 
been watching through the window for a long time, hoping 
from one moment to the next to see the gondola come into 
view which I sent to fetch you. 
SALY. I believe it is only your imagination that has made 
the time drag, rather than any tardiness on our part. But in 
order not to stretch it still further it will be good for us to 
get to the matter in hand without wasting any more words. 
Let us see, then, how nature has allowed (whether the 
facts are actually such, or whether at a whim and as if to 
play upon our fancies)—has allowed, I say, the movements 
that have long been attributed to the earth for every reason 
except as an explanation of the ocean tides to be found 
now to serve that purpose too, with equal precision; and 
how, reciprocally, this ebb and flow itself cooperates in 
confirming the earth’s mobility. Up to this point the indi- 
cations of that mobility have been taken from celestial 
phenomena, seeing that nothing which takes place on the 
earth has been powerful enough to establish the one posi- 
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tion any more than the other. This we have already exam- 
ined at length by showing that all terrestrial events from 
which it is ordinarily held that the earth stands still and the 
sun and the fixed stars are moving would necessarily ap- 
pear just the same to us if the earth moved and the others 
stood still. Among all sublunary things it is only in the el- 
ement of water (as something which is very vast and is not 


_ joined and linked with the terrestrial globe as are all its 
solid parts, but is rather, because of its fluidity, free and_ 


separate and a law unto itself) that we may recognize some 


trace or indication of the earth’s behavior in regard to mo- | 


tion and rest. After having many times examined for my- 
self the effects and events, partly seen and partly heard 
from other people, which are observed in the movements 
of the water; after, moreover, having read and listened to 
the great follies which many people have put forth as 
causes for these events, I have arrived at two conclusions 
which were not lightly to be drawn and granted. Certain 
necessary assumptions having been made, these are that if 
the terrestrial globe were immovable, the ebb and flow of 
the oceans could not occur naturally; and that when we 
confer upon the globe the movements just assigned to it, 
the seas are necessarily subjected to an ebb and flow agree- 
ing in all respects with what is to be observed in them. 
SAGR. The proposition is crucial, both in itself and in 
what follows as a consequence; therefore I shall be so much 
the more attentive in listening to its explanation and veri- 
fication. 

SALV, In questions of natural science like this one at hand, 
a knowledge of the effects is what leads to an investigation 
and discovery of the causes. Without this, ours would be a 
blind journey, or one even more uncertain than that; for we 
should not know where we wanted to come out, whereas 
the blind at least know where they wish to arrive. Hence 
before all else it is necessary to have a knowledge of the ef- 
fects whose causes we are seeking. Of those effects you, 
Sagredo, must be more fully and surely informed than I 
am, since besides being born in Venice and having long 
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resided here where the tides are famous for their size, you 
have also sailed to Syria, and, having a clever and curious 
mind, you must have made many observations. But I, who 
have only been able to observe for rather a short time what 
happens here at this end of the Adriatic Gulf, and in our 
lower sea on the shores of the Tyrrhenian, must often de- 
pend upon what others tell me—which, being for the most 
part not in good agreement and accordingly rather unreli- 
able, may contribute confusion rather than confirmation to 
our reflections. 

Stull, from those accounts which we are sure of, and 
which happen to cover the principal events, it seems to me 
possible to arrive at the true and primary causes. I do not 
presume to be able to adduce all the proper and sufficient 
causes of those effects which are new to me and which 
consequently I have had no chance to think about, what I 
am about to say, I propose merely as a key to open portals 
to a road never before trodden by anyone, in a firm hope 
that minds more acute than mine will broaden this road 
and penetrate further along it than I have done in my first 
revealing of it. And though in other seas remote from us 
events may take place which do not occur in our Mediter- 
ranean, nevertheless the reason and the cause which I shall 
produce will still be true, provided that it is verified and 
fully satisfied by the events which do take place in our sea; 
for ultimately one single true and primary cause must hold 
good for effects which are similar in kind. I shall, then, tell 
you the story of the effects which I know to exist, and as- 
sign to them the cause that is believed by me to be true; 
and you, gentlemen, shall produce others noticed by you 
in addition to these of mine, and then we shall see whether 
the cause I am about to adduce can account for them also. 

I say, then, that three periods are observed in the flow Three peri- 
and ebb of the ocean waters. The first and principal one is a eet 
the great and conspicuous daily tide, in accordance with diurnal, 
which the waters rise and fall at intervals of some hours; monthly, 
these intervals in the Mediterranean are for the most part 27427! 
about six hours each—that is, six hours of rising and six 
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more of falling. The second period is monthly, and seems 
to originate from the motion of the moon; it does not in- 
troduce other movements, but merely alters the magni- 
tude of those already mentioned, with a striking difference 
according as the moon is full, new, or at quadrature with 
the sun. The third period is annual, and appears to depend 
upon the sun; it also merely alters the daily movements by 
rendering them of different sizes at the solstices from 
those occurring at the equinoxes. 

We shall speak first about the diurnal period, as it is the 
principal one, and the one upon which the actions of the 
moon and the sun are exercised secondarily in their 
monthly and annual alterations. Three varieties of these 
hourly changes are observed; in some places the waters 
rise and fall without making any forward motion; in others, 
without rising or falling they move now toward the east 
and again run back toward the west; and in still others, the 
height and the course both vary. This occurs here in 
Venice, where the waters rise in entering and fall in de- 
parting. They do this at the end of a gulf extending east 
and west and terminating on open shores where the water 
has room to spread out upon rising; if their course were in- 
terrupted by mountains or by very high dikes, they would 
rise and sink against these without any forward motion. 
Elsewhere the water runs to and fro in its central parts 
without changing height, as happens notably in the Straits 
of Messina between Scylla and Charybdis, where the cur- 
rents are very swift because of the narrowness of the chan- 
nel. But in the open Mediterranean and around its islands, 
such as the Balearics, Corsica, Sardinia, Elba, Sicily (on the 
African side), Malta, Crete, etc., the alterations of height 
are very small but the currents are quite noticeable, espe- 
cially where the sea is restrained between islands, or be- 
tween these and the continent. 

Now it seems to me that these actual and known effects 
alone, even if no others were to be seen, would very prob- 
ably persuade anyone of the mobility of the earth who is 
willing to stay within the bounds of nature; for to hold fast 
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the basin of the Mediterranean and to make the water con- 
tained within it behave as it does surpasses my imagina- 
tion, and perhaps that of anyone else who enters more | 
than superficially into these reflections. 
SIMP. These events, Salviati, did not just commence; they 
are very ancient, and have been observed by innumerable 
‘men, many of whom have contrived to give one reason or 
another to account for them. Not far from here there is a A cause for 
great Peripatetic who gives for them a cause recently the tides 
dredged out of one of Aristotle’s texts which had not been a 
well understood by his interpreters. From this text, he de- modern 
duces that the true cause of these movements stems from Philosopher. 
nothing else but the various depths of the seas. The deep- 
est waters, being more abundant and therefore heavier, 
expel the waters of lesser depth; these, being raised up, 
then try to descend, and from this continual strife the tides 
are derived. 

Then there are many who refer the tides to the moon, 
saying that this has a particular dominion over the waters; 
lately a certain prelate has published a little tract wherein Cause of 
he says that the moon, wandering through the sky, attracts the tides at- 
and draws up toward itself a heap of water which goes ee 
along following it, so that the high sea is always in that part » by a certain 
which lies under the moon. And since when the moon is P*¢!#*¢ 
below the horizon, this rising nevertheless returns, he tells 
us that he can say nothing to account for this effect except 
that the moon not only retains this faculty naturally in it- 
self, but in this case has also the power to confer it upon 
the opposite sign of the zodiac. Others, as I think you 
know, say that the moon also has power to rarefy the water 
by its temperate heat, and that thus rarefied, it is lifted up. Girolamo 
Nor are those lacking who... Borro and 
: ze : other Peri- 
SAGR. Please, Simplicio, spare us the rest; I do not think _ patetics 
there is any profit in spending the time to recount them, let refer tides 
alone the words to refute them. If you should give assent to septic: 
any of these or to similar triflings, you would be wronging of the 
your own judgment—just when, as we know, it has been ™0on. 


much unburdened of error. 
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SALV. I am a little more easygoing than you, Sagredo, and 
I shall put in a few words for Simplicio’s benefit if he 
thinks that some probability attaches to the things he has 
been telling us. 

Simplicio, I say that waters which have their external 
surfaces higher expel those that are lower, but not that 
those which are deeper do so; and the higher waters, hav- 
ing driven away the lower, quickly come to rest and equi- 
librium. Your Peripatetic must believe that all the lakes in 
the world (which remain placid) and all the seas where the 
tide is imperceptible must have perfectly level beds; I was 
so naive as to persuade myself that even if there were no 
other soundings, the islands which rise above the water 
would be a very obvious indication of the unevenness of 
the bottoms. You might tell your prelate that the moon 
travels over the whole Mediterranean every day, but the 
waters are raised only at its eastern extremity and for us 
here at Venice. 

As for those who make the temperate heat of the moon 
able to swell the water, you may tell them to put a fire 
under a kettle of water, hold their right hands in this until 
the heat raises the water a single inch, and then take them 
out to write about the swelling of the seas. Or ask them at 
least to show you how the moon rarefies a certain part of 
the water and not the remainder, such as this here at 
Venice, but not that at Ancona, Naples, or Genoa. 

Let us just say that there are two sorts of poetical 
minds—one kind apt at inventing fables, and the other dis- 
posed to believe them. 

S1MP. I do not think that anyone believes fables when he 
knows them to be such; and as to the opinions about the 
cause of the tides (which are numerous), since I know that 
there is only one true and primary cause for one effect, I 
understand perfectly that at most one can be true, and all 
the rest must be false and fabulous. Perhaps the true one is 
not even among those which have been produced up to 
date. J rather believe this to be so, since it would be re- 
markable if the true cause should shed so little light as not 
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to show through the darkness of so many false ones. But I 
must’ say, with that frankness which is permitted here 
among ourselves, that to introduce the motion of the earth 
_and make it the cause of the tides seems to me thus far to 

be a concept no less fictitious than all the rest I have heard. 

If no reasons more agreeable to natural phenomena were 
presented to me, I should pass on unhesitatingly to the be- 

lief that the tide is a supernatural effect, and accordingly 
miraculous and inscrutable to the human mind—as are so 

many others which depend directly upon the omnipotent 
hand of God. 

SALV. You argue very prudently, and also in agreement Aristotle at- 
with Aristotle’s doctrine; at the beginning of his Mechanics, ‘ibutes toa 
as you know, he ascribes to miracles all things whose pone 4 
causes are hidden. But I believe you do not have any fects of 
stronger indication that the true cause of the tides is one of ili 
those incomprehensibles than the mere fact that among all not known. 
things so far adduced as verae causae there is not'one which 

we can duplicate for ourselves by means of appropriate ar- 

tificial devices. For neither by the light of the moon or sun, 
_nor by temperate heat, nor by differences of depth can we 

ever make the water contained in a motionless vessel run 

to and fro, or rise and fall in but a single place. But if, by 

simply setting the vessel in motion, I can represent for you 

without any artifice at all precisely those changes which 

are perceived in the waters of the sea, why should you re- 

ject this cause and take refuge in miracles? 

Simp. I shall have recourse to miracles unless you dis- 

suade me from it by other natural causes than the motion 

of the containers of the waters of the sea. For I know that 

the latter containers do not move, the entire terrestrial 

globe being naturally immovable. 

SALV. But do you not believe that the terrestrial globe 

‘could be made movable supernaturally, by God’s absolute 

power? 

Simp. Who can doubt this? 

SALV. Then, Simplicio, since we must introduce a miracle 

to achieve the ebbing and flowing of the oceans, let us 
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make the earth miraculously move with that motion by 
which the oceans are naturally moved. This operation will 
indeed be as much simpler and more natural among things 
miraculous, as it is easier to make a globe turn around 
(which we see so many of them do) than to make'an im- 
mense bulk of water go back and forth more rapidly in 
some places than in others; rise and fall, here more, there 
less, and in other places not at all, and to make all these 


variations within the same containing vessel. Besides, these 


are many miracles, while the other is only one. Add to this 
that the miracle of making the water move brings another 
miracle in its train, which is that of holding the earth 
steady against the impulses of the water. For these would 
be capable of making it vacillate first in one direction and 
then in the other, if it were not miraculously retained. 
SAGR. Let us suspend judgment for a while as to the folly 
of the new opinion which Salviati wants to explain to us, 
Simplicio, and not be so quick to class it with those ridicu- 
lous older ones. As to the miracle, let us likewise have re- 
course to that only after we have heard arguments which 
are restricted within the bounds of nature. Though, in- 
deed, to my mind all works of nature and of God appear 
miraculous. 

SALV. That is the way IJ feel about it, and saying that the 
natural cause of the tides is the motion of the earth does 
not exclude this operation from being miraculous. 

Now, returning to our discussion, I reply and reaffirm 
that it has never previously been known how the waters 
contained in our Mediterranean basin can make those 
movements which they are seen to make, so long as this 
basin and containing vessel rests motionless. What renders 
the matter puzzling is daily observed, as I am about to de- 
scribe; therefore, listen carefully. 

We are here in Venice, where the waters are now low; 
the sea is quiet, the air tranquil; the water is commencing 
to rise, and at the end of five or six hours it will have gone 
up ten spans or more. This rise is not made by the original 
water being rarefied, but by water newly arriving here— 
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water of the same kind as the original water, with the same 
salinity, the same density, the same weight. Ships float in it, 
Simplicio, without submerging a hairsbreadth further; a 
barrel of it weighs not a grain more or less than the same 
quantity of the other; it keeps the same coldness entirely 
unchanged; in short, it is water which has recently and vis- 
ibly entered through the channels and mouths of the Lido. 

Now you tell me how and whence it came here. Are 
there perchance hereabouts some abysses or openings in 
the bottom of the sea through which the earth draws in 
and expels the water, breathing like some immense and 
monstrous whale? If so, why does the water not rise like- 
Wise over a space of six hours at Ancona, Dubrovnik 
(Ragugia), and Corfu, where the increase is small or even 
imperceptible? Who will find a way to pour new water into 
an immovable vessel and have it rise only in one definite 
place and not in others? 

Do you perhaps say that this new water is borrowed 
from the ocean, carried in through the Straits of Gibraltar? 
This will not remove the difficulties mentioned; it will 
only make them greater. In the first place, tell me what 
must be the course of that water which, entering by the 
strait, is conducted in six hours clear to the extreme coast 
of the Mediterranean, a distance of two or three thousand 
miles, and retraces the same space on its return? What 
would become of the ships scattered about on the sea? And 
what of those in the strait, on a continual watery precipice 
of immense bulk, entering through a channel no more 
than eight miles wide—a channel which must in six hours 
give passage to enough water to inundate a space hundreds 
of miles wide and thousands long? Where is the tiger or 
falcon that ever ran or flew with such speed? A speed, I 
mean, of 400 miles an hour or better. ; 

It cannot be denied that there are currents running the 
length of the gulf, but they are so slow that a rowboat can 
outtun them, though not without losing headway. Besides, 
if this water comes in through the strait, there is another 
difficulty: How does it cause so much of a rise here, at so 
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remote a place, without first raising the closer parts by a 
similar or greater amount? To sum up, I do not believe that 
either obstinacy or subtleness of wit could ever discover a 
reply to these difficulties and thereby be able to maintain 
the fixity of the earth against them, while remaining 
within natural limitations. 

SAGR. So far I follow you very well, and I am anxiously 
waiting to hear how these marvels can take place unim- 
peded if we assume the motions already assigned to the 
earth. 

SALV. As these effects must be consequences of the mo- 
tions which belong naturally to’ the earth, it is not only 
necessary that they encounter no obstacle or impediment, 
but that they follow easily. Nor must they merely follow 
easily; they must follow necessarily, in such a way that it 
would be impossible for them to take place in any other 
manner. For such is the property and condition of things 
which are natural and true. 

Having established, then, that it is impossible to explain 
the movements perceived in the waters and at the same 
time maintain the immovability of the vessel which con- 
tains them; let us pass on to considering whether the mo- 
bility of the container could produce the required effect in 
the way in which it is observed to take place. Two sorts of 
movement may be conferred upon a vessel so that the 
water contained in it acquires the property of running first 
toward one end and then toward the other, and rise and 
sink there. The first would occur when one end is lowered 
and then the other, for under those conditions the water, 
running toward the depressed part, rises and sinks alter- 
nately at either end. But since this rising and sinking is 
nothing but a retreat from and an approach toward the 
center of the earth, this sort of movement cannot be at- 
tributed to concavities in the earth itself as containing ves- 
sels of the waters. For such containers could not have parts 
able to approach toward or retreat from the center of the 
terrestrial globe by any motion whatever that might be as- 
signed to the latter. : 
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The other sort of motion would occur when the vessel 
was moved without being tilted, advancing not uniformly 
but with a changing velocity, being sometimes accelerated 
and sometimes retarded. From this variation it would fol- 4 progres- 
low that the water (being contained within the vessel but sive and 
not firmly adhering to it as do its solid parts) would be- vv enent 
cause of its fluidity be almost separate and free, and not may make 
compelled to follow all the changes of its container. Thus oe na 
the vessel being retarded, the water would retain a part water run 
of the impetus already received, so that it would run Wwithina 
toward the forward end, where it would necessarily rise. Mees 
On the other hand, when the vessel was speeded up, the 
water would retain a part of its slowness and would fall 
somewhat behind while becoming accustomed to the new 
impetus, remaining toward the back end, where it would 
rise somewhat. 

These effects can be very clearly explained and made 
evident to the senses by means of the example of those 
barges which are continually arriving from Fusina filled 
with water for the use of this city. Let us imagine to our- 
selves such a barge coming along the lagoon with moder- 
ate speed, placidly carrying the water with which it is 
filled, when either by running aground or by striking some 
obstacle it becomes greatly retarded. Now the water will 
not thereby lose its previously received impetus equally 
with the barge; keeping its impetus, it will run forward 
toward the prow, where it will rise perceptibly, sinking at 
the stern. But if on the other hand the same barge notice- 
ably increases its speed in the midst of its placid course, 
then the water which it contains (before getting used to 
this and while retaining its slowness) will stay back toward 
the stern, where it will consequently rise, sinking at the 
prow. This effect is indubitable and clear; it may be tested 
experimentally at any time, and there are three things 
about it which I want you to note particularly. 

The first is that in order to make the water rise at one 

extremity of the vessel, there is no need of new water, nor 
need the water run there from the other end. 
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The second is that the water near the middle does not 
rise or sink noticeably unless the course of the barge hap- 
pens to be very fast to begin with, and the object struck or 
other hindrance which checks it is very strong and un- 
yielding. In such an event this might not only make all the 
water run forward, but cause most of it to jump right out of 
the barge; the same would also happen if a very violent 
impulse were suddenly given to it when it was traveling 
very slowly. But if to a gentle motion of its own there were 
added a moderate retardation or acceleration, the parts in 
the middle (as I said) would rise and sink imperceptibly, 
and the other parts would rise the less according as they 
were closer to the middle, and the more according as they 
were farther fromit. ™ 

The third thing is that whereas the parts around the 
center make little change as to rising or sinking with re- 


' spect to the water at the ends, yet they run to and fro a 


great deal in comparison with the water at the extremities. 
Noy, gentlemen, what the barge does with regard to the 
water it contains, and what the water does with respect to 
the barge containing it, is precisely the same as what the 
Mediterranean basin does with regard to the water con- 
tained within it, and what the water contained does with 
respect to the Mediterranean basin, its container. The next 
thing is for us to prove that it is true, and in what manner it 
is true, that the Mediterranean and all other sea basins (in 
a word, that all parts of the earth) move with a conspicu- 
ously uneven motion, even though nothing but regular and 
uniform motions may happen to be assigned to the globe 
itself. : : 
Simp. At first sight this looks like a great paradox to me, 
though I am no mathematician or astronomer. If it is true 
that the motion of the whole may be regular, and that of 
the parts which always remain attached to it may be irreg- 
ular, then this is a paradox destroying the axiom which af- 
firms eandem esse rationem totius et partium. 
SALV. I shall prove my paradox, Simplicio, and ave leave 
to you the burden of either defending the axiom against it 
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or of bringing the two into accord. My demonstration will 
be brief and easy; it will depend upon things already dealt 
with at length in our past conversations, without introduc- 
ing the slightest word to make it favor the ebb and flow. 

We have already said that there are two motions attrib- 

uted to the terrestrial globe; the first is annual, made by its 
center along the circumference of its 
orbit about the ecliptic in the order of 
the signs of the zodiac (that is, from 
west to east), and the other is made by 
the globe itself revolving around its 
own center in twenty-four hours (like- 
wise from west to east) around an axis 
which is somewhat tilted, and not par- "Fre. 28 
allel to that of its annual revolution. 
From the composition of these two motions, each of them 
in itself uniform, I say that there results an uneven motion 
in the parts of the earth. In order for this to be understood 
more easily, I shall explain it by drawing a diagram. 

First I shall describe around the center A the circum- 
ference of the earth’s orbit BC, on which the point B is 
taken; and around this as center, let us describe this smaller 
circle DEFG, representing the terrestrial globe. We shall 
suppose that its center B runs along the whole circumfer- 
ence of the orbit from west to east; that is, from B toward 
C. We shall further suppose the terrestrial globe to turn 
around its own center B from west to east, in the order of 
the points D, E, F, G, during a period of twenty-four hours. 
Now here we must carefully note that when a circle re- 
volves around its own center, every part of it must move at 
different times with contrary motions. This is obvious, 
considering that when the part of the circumference 
around the point D is moving toward the left (toward E), 
the opposite parts, around F, go toward the right (toward 
G); so that when the point D gets to F, its motion will be 
contrary to what it was originally when it was at D. More- 
over, in the same time that the point E descends, so to 
speak, toward F, G ascends toward D. Since this contrariety 
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exists in the motion of the parts of the terrestrial surface 
when it is turning around its own center, it must happen 
that in coupling the diurnal motion with the annual, there 
results an absolute motion. of the parts of the surface 
which is at one time very much accelerated and at another 
retarded by the same amount. This is evident from consid- 
ering first the parts around D, whose absolute motion will 
be very swift, resulting from two motions made in the same 
direction; that is, toward the left. The first of these is part 
of the annual motion, common to all parts of the globe; the 
other is that of this same point D, carried also to the left by 
the diurnal whirling, so that in this case the diurnal motion 
increases and accelerates the annual motion. 

It is quite the opposite with the part across from D, at F. 
This, while the common annual motion is carrying it 
toward the left together with the whole globe, is carried to 
the right by the diurnal rotation, so that the diurnal motion 
detracts from the annual. In this way the absolute mo- 
tion—the resultant of the composition of these two—is 
much retarded. 

Around the points E and G, the absolute motion re- 
mains equal to the simple annual motion, since the diurnal 
motion acts upon it little or not at all, tending neither to 
left nor to right, but downward and upward. From this we 
conclude that just as it is true that the motion of the whole 
globe and of each of its parts would be equable and uni- 
form if it were moved with a single motion, whether this 
happened to be the annual or the diurnal, so is it necessary 
that upon these two motions being mixed together there 
results in the parts of the globe this uneven motion, now 
accelerated and now retarded by the additions and sub- 
tractions of the diurnal rotation upon the annual revolu- 
tion. 

Now if it is true (as is indeed proved by experience) 
that the acceleration and retardation of motion of a vessel 
makes the contained water run back and forth along its 
length, and rise and fall at its extremities, then who will ; 
make any trouble about granting that such an effect may— 


ry 
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or rather, must—take place in the ocean waters? For their 
basins are subjected to just such alterations; especially 
those which extend from west to east, in which direction 
the movement of these basins is made. 

Now this is the most fundamental and effective cause of The most 
the tides, without which they would not take place. But the potent and 
particular events observed at different times and places are PUM 
many and varied; these must depend upon diverse con-_ tides. 
comitant causes, though all must have some connection 
with the fundamental cause. So our next business is to 
bring up and examine the different phenomena which may 
be the causes of such diverse effects. 

The first of these is that whenever the water, thanks to ' pifferent 
some considerable retardation or acceleration of motion events 
of its containing vessel, has acquired a cause for running bes Ae 
toward one end or the other, it will not remain in that state flowing and 
when the primary cause has ceased. For by virtue of its ee 
own weight and its natural inclination to level and balance Water 
itself, it will speedily return of its own accord; and being  ‘aised at 
heavy and fluid, it will not only return to equilibrium but i a 
will pass beyond it, pushed by its own impetus, and will _ to equilib- 
rise at the end where first it sank. But it will not stay there; ae Me 
by repeated oscillations of travel it will make known tous =~ 
that it does not want the speed of motion it has received to 
be suddenly removed and reduced to a state of rest. It 
wishes this to be slowly reduced, abating little by little. In 
exactly this way we see that a weight suspended by a cord, 
once removed from the state of rest (that is, the perpen- 
dicular), returns to this and comes to rest by itself, but only 
after having gone to and fro many times, passing beyond 
this perpendicular position in its coming and going. 

The second event to be noticed is that the reciproca- Inthe 
tions of movement just mentioned are made and repeated a, 
with greater or less frequency (that is, in shorter or longer ee 
times) according to the various lengths of the vessels con- are the 
taining the water. In the shorter space, the reciprocations sia 
are more frequent, and they are rarer in the longer, just as 


in the above example of the plumb bobs the reciprocations 
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of those which are hung on long cords are seen to be less 
frequent than those hanging from shorter threads. 

For the third remark, you must know that it is not only 
a greater or lesser length of vessel which causes the water 
to perform its reciprocations in different times, but a 
greater or less depth does the same thing. It happens that 
for water contained in vessels of equal length but of un- 
equal depth, the deeper water will make its vibrations in 
briefer times, and the oscillations will be less frequent in 
the shallower. . 

Fourth, such vibrations produce two effects in water 
which are worthy of being noticed and observed carefully. 
One is the alternate rising and falling at either extremity; 
the other is the horizontal moving and running to and fro, 
so to speak. These two different motions inhere differently 
in different parts of the water. The extreme ends of the 
water rise and fall the most; the central parts do not move 
up and down at all; and other parts, by degrees as they are 
nearer to the ends, rise and fall proportionately more than 
those farther from the ends. On the other hand, the central 
parts move a great deal in that other (progressive) move- 


‘ment back and forth, going and returning, while the waters 


in the extreme ends have none of this motion—except so 
far as they may in rising happen to go higher than their 
banks, and spill out of their original channel and container. 
But where the hindrance of the banks restrains them, they 
merely rise and fall; nor does this prevent the waters in the 
middle from running back and forth, as do the other parts 
in proportion, traveling the more or the less according as 
they are located farther from or closer to the middle. 

The fifth particular event must be more carefully con- 
sidered, because it is impossible for us to duplicate its ef- 
fects by any practical experiment. It is this: In an artificial 
vessel like the barge mentioned previously, moving now 
more rapidly and again more slowly, the acceleration or 
retardation is always shared uniformly by the whole vessel 
and by each of its parts. Thus, for example, when the barge 
is checked in its motion, its forward parts are no more re- 
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tarded than its after parts, but all share equally in the same 
retardation. The same happens in acceleration; that is, 
conferring some new cause of greater velocity upon the 
barge accelerates the bow in the same way as the stern. But 
in immense vessels, such as long sea bottoms (though these 
indeed are nothing more than cavities made in the solidity 
of the terrestrial globe), it nevertheless happens remark- 
ably enough that their extremities do not increase and de- 
crease in speed jointly, equally, and in the same instant of 
time. For it may happen that when one extremity of such a 
vessel is greatly retarded in its motion by virtue of a com- 
position of these two motions, annual and diurnal, the 
other extremity may be affected by and involved in even a 
very swift motion. 

For your easier comprehension, let us explain this by 
going back to the diagram previously drawn. Let us sup- 
pose a stretch of sea to be as long as one quadrant; the arc 
BC, for instance. Then the parts near B are, as I said before, 
in very swift motion because the two movements (annual 
and diurnal) are united in the same di- 
rection, and the parts near C are at that ade. 
time in retarded motion, since they lack was, 
the forward movement depending 
upon the diurnal motion. If we sup- 
pose, I say, a sea bottom as long as the 
arc BC, we shall see at once that its ex- 
tremities are moving very unequally at 
a given time. A stretch of sea as long as 
a semicircle and placed in the position 
of the arc BCD will have exceedingly different speeds, 
since the extremity B would be in very rapid motion, D in 
very slow motion, and the parts in the middle around C in 
moderate motion. In proportion as these stretches of sea 
were shorter, they would participate less in this strange 
phenomenon of having their parts diversely affected at 
certain times of day by speed and by slowness of motion. 

Now if in the first place we see experimentally that an 
acceleration and a retardation shared equally by all parts 
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of the containing vessel may indeed be the cause of the 
contained water running back and forth, then what must 
we suppose would happen in a vessel so remarkably situ- 
ated that a retardation and an acceleration of motion. are 
conferred very unevenly upon its parts? Certainly we can- 
not help saying that there would necessarily be perceived 
still greater and more marvelous causes of commotions in 
the water, and stranger ones. And though to many people it 
may seem impossible for us to test the effects of such 
events in artificial devices and vessels, nevertheless this is 
not entirely impossible; I have a mechanical model in 
which the effects of these marvelous compositions of 
movements may be observed in detail. But so far as our 


present purpose is concerned, what we have grasped intel- 


lectually up to this point is sufficient. 


' SAGR. For my part, I understand well enough that this re- 


markable phenomenon must necessarily exist in the ocean 
beds, especially in those which extend a long distance east 
and west; that is, along the direction of the movements of 
the terrestrial globe. And as the phenomenon is ima certain 
sense undreamed of and without parallel among the 
movements it is possible for us to make, it is not hard for 
me to believe that it may produce effects which cannot be 
imitated in our artificial experiments. 

SALV. These things being cleared up, it is now time to ex- 
amine in all their diversity the particular events which are 
observed experientially in the ebbing and flowing of the 
waters. First, it cannot be hard for us to understand why it 
happens that in lakes, pools, and even in small seas there is 
no noticeable tide. There are two impelling reasons for 
this. One is that because of the shortness of their basins 
they acquire at different hours of the day varying degrees 
of speed, but with little difference occurring among all 
their parts; they are uniformly accelerated and retarded as 
much in front as behind; that is, to the east as to the west. 
And they acquire such alterations, moreover, little by little, 
and not through the opposition of a sudden obstacle and 
hindrance, or a sudden and great acceleration in the move- 
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ment of the containing vessel. The latter, with all its parts, 
becomes slowly and equally impressed with the same de- 

gree of velocity, and from this uniformity it follows that 

the contained water also receives the same impressions 

with little resistance or hesitation. Consequently the signs 

of rising and falling or of running to one extremity or the 

other are exhibited only obscurely. This effect is also 
clearly seen in small artificial vessels, in which the con- 
tained water is impressed with the same degrees of speed 
whenever the acceleration or retardation is made in slow 

and uniform increments. But in the basins of oceans which 
extend a great distance from east to west, the acceleration 
or retardation is much more noticeable and uneven when 
one extremity of them is in a very retarded motion and the 
other is moving quickly. 

The second reason is the reciprocal oscillation of the 
water instituted by the impetus already received from the 
motion of its container, which oscillation (as we have re- 
marked) makes its vibrations with high frequency in small 
vessels. There inheres in the terrestrial movements a cause 
for conferring a movement upon the waters only from one 
twelve-hour period to another, since only once a day is the 
movement of the containing vessel exceedingly acceler- 
ated or retarded. Now this second cause depends upon the 
weight of the water, which seeks to restore it to equilib- 
rium, and it produces oscillations of one, two, or three 
hours, and so on, according to the shortness of the vessel. 
Thus the whole movement becomes entirely insensible 
upon this one being combined with the first, which even by 
itself remains very small for small vessels. For the primary 
cause, which has a period of twelve hours, will not have 
finished impressing its disturbance when overtaken and re- 
versed by this second one depending upon the weight of 
the water and having a vibration time of one, two, three, or 
four hours, and so on, according to the shortness and depth 
of the basin. Acting contrary to the first cause, this per- 
turbs and removes that without ever allowing it to attain 
the height, or even the average of its motion. Any evidence 
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of ebbing or flowing is entirely annihilated by this conflict, 
or is very much obscured. I say nothing of the continual 
changing of the wind, which by disquieting the water 
would not permit us to be sure of some very small rising or 
falling, of half an inch or less, which might actually belong © 
to the basins and containers of bodies of water no more 
than one degree or so in length. 

Now, secondly, I shall resolve the question why, since 
there resides in the primary principle no cause of moving 
the waters except from one twelve-hour period to another 
(that is, once by the maximum speed of motion and once 
by its maximum slowness), the period of ebbing and flow- 
ing nevertheless commonly appears to be from one six- 
hour period to another. Such a determination, I say, can in 
no way come from the primary cause alone. The secondary 
causes must be introduced for it; that is, the greater or 
lesser length of the vessels and the greater or lesser depth 
of the waters contained in them. These causes, although 
they do not operate to move the waters (that action being 
from the primary cause alone, without which there would 
be no tides), are nevertheless the principal factors in limit- 
ing the duration of the reciprocations, and operate so pow- 
erfully that the primary cause must bow to them. Six 
hours, then, is not a more proper or natural period for 
these reciprocations than any other interval of time, 
though perhaps it has been the one most generally ob- 
served because it is that of our Mediterranean, which has 
been the only place practicable for making observations 
over many centuries. Even so, this period is not observed 
everywhere in it; in some of the narrower places, such as 
the Hellespont and the Aegean, the periods are much 
briefer, and they are also quite variable among themselves. 
Some say it was because of these differences and the in- 
comprehensibility of their causes to Aristotle that he, after 
observing them for a long time from some cliffs of Euboea 
(Negroponte), plunged into the sea in a fit of despair and 
willfully destroyed himself. 

In the third place we shall see very readily the reason 
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why a sea like the Red Sea, although very long, is never- 
theless quite devoid of any tide. This is so because its 
length does not extend from east to west, but runs from 
southeast to northwest. The movements of the earth being 
from west to east, the impulses of the water are always 
aimed against the meridians and not from one parallel to 
another. Hence in seas which extend lengthwise toward 
the poles and are narrow in the other direction, there is no 
cause of tides—unless it is that of sharing those of some 
other sea with which they may communicate and which is 
subject to large movements. 

We can very easily understand, in the fourth place, the 
reasons why the ebbing and flowing are greatest at the ex- 
tremities of gulfs as to rising and falling of the waters, and 
least in the middle parts. Daily experience shows us this 
here in Venice, situated at the end of the Adriatic, where 
the difference commonly amounts to as much as five or six 
feet; but in parts of the Mediterranean distant from the ex- 
tremities such changes are very small; as at the islands of 
Corsica and Sardinia, and on the coasts. at Rome and 
Leghorn, where they do not exceed half a foot. We under- 
stand also why, on the other hand, where the rising and 
falling are small, the running to and fro is large. It is a sim- 

ple thing, I say, to understand the cause of these events, be- 
cause we have examples of them easily observable in all 
sorts of artificially manufactured vessels, in which the 
same effects are seen to follow naturally when we move 
them unevenly; that is, now accelerating and now retard- 
ing them. 

Let us consider further, in the fifth place, how a given 
quantity of water moving slowly in a spacious channel 
must .run very impetuously when it has to pass through a 
narrow place. From this we shall have no difficulty in un- 
derstanding the cause of the great current which is created 
in the narrow channel that separates Calabria from Sicily. 
For all the water pent up by the extensive island and the 
Jonian Gulf in the eastern part of the sea, though because 
of the spaciousness there it descends slowly toward the 
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west, yet upon being restrained in the Straits of Messina 
between Scylla and Charybdis, it drops rapidly and makes 
a great agitation. Something similar to this, but greater, is 
said to occur between Africa and the great island of Mada- 
gascar (San Lorenzo), when the waters of the two great In- 
dian and South Atlantic (Etiopico) oceans, in whose midst 
this lies, must be restricted in their running into the still 
smaller channel between it and the coast of South Africa. 
The currents in the Straits of Magellan must be extremely 
great, communicating between the South Atlantic and the 
South Pacific oceans. 

In the sixth place, in order to give reasons for some 
more recondite and curious events that are observed in 
this field, it remains now for us to make another important 
reflection upon the two principal causes of the tides, 
thereafter compounding them and mixing them together. 


. The first and simplest of these, as I have often said, is the 


definite acceleration and retardation of the parts of the 
earth from which the waters receive a determinate period, 
running toward the east and returning to the west within a 
space of twenty-four hours. The other depends upon the 
water’s own weight, which, once moved by the primary 
cause, tries then to restore itself to equilibrium by re- 
peated oscillations which are not determinate as to one 
preestablished time alone, but which have differences of 
duration according to the different lengths and depths of 
the containers and basins of the oceans, In so far as they 
depend upon this second principle, some would flow and 
return in one hour, some in two, in four, in six, in eight, in 
ten, etc. 
Now if we commence to add the first cause, which has 
an established period of twelve hours, to the second when 
it has for example a period of five, then it will sometimes 
happen that the primary and secondary causes agree in 
making their impulses both in the same direction; and in 
such a conjunction (or, so to speak, in such a unanimous 
conspiracy) the tides will be very great. At other times it 
happens that the primary impulse becomes in a certain 
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sense contrary tq that brought by the secondary; and in 
such encounters one impulse takes away what the other 
gives, so that the motion of the waters is weakened and the 
sea is reduced to a very peaceful and practically motion- 
less state. At still other times, when the two principles are 
not 1n opposition nor yet entirely unified, they cause other 
variations in the rise and fall of the tides. 

It may also happen that two very large seas which are in 
communication through some narrow channel are found 
to have, because of the mixture of the two principles of 
motion, a cause of flood in one at the very time the other 
is having the contrary movement. In this case extraordi- 
nary agitations are made in the channel through which 
they communicate, with opposing motions and vortexes 
and most dangerous churnings, of which in fact we hear 
continual tales and accounts. From such discordant move- 
ments, depending not only upon different situations and 
lengths, but even more upon the differing depths of the 
communicating seas, there sometimes arise various disor- 
derly and unobservable aquatic commotions whose causes 
have perturbed sailors very much, and still do, when en- 
countered in the absence either of gusts of wind or other 
significant atmospheric changes which might account for 
them. 

Now these disturbances of the air must be carefully 
taken into consideration with the other phenomena, and 
regarded as a third occasional cause capable of greatly al- 
tering our observations of effects dependent upon the pri- 
mary and more essential causes. For there is no doubt that 
strong winds blowing continuously from the east, for in- 
stance, may sustain the waters, preventing their ebb. If 
then a second recurrence of the high tide, and even a third, 
is added at the established hours, the waters will swell up 
very high. In such a way, sustained for several days by the 
force of the wind, they may be raised much more than 
usual, and make extraordinary floods. 

We must also take notice of another cause of move- 
ment, and this will be our seventh problem. This depends 
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upon the great quantity of water from the rivers that 
empty into seas which are not vast, for which reason the 
water is seen to run always in the same direction in chan- 
nels or straits through which such seas communicate, as 
happens in the Thracian Bosporus below Constantinople, 
where the water runs always from the Black Sea toward the 
Sea of Marmara (Propontide). For the Black Sea the princi- 
pal causes of ebb and flow are not very effective, because 
of its shortness; while on the other hand very large rivers 
empty into it, and this great flow of water must be passed 
and disgorged through the strait, where the current is quite 
famous and is always toward the south. Moreover, we must 
take note that this strait or channel, though it is certainly 
very narrow, is not subjected to any such perturbations as 
the strait between Scylla and Charybdis; for the former has 
the Black Sea above it to the north, with the Sea of Mar- 
mara, the Aegean Sea, and the Mediterranean adjoining it 
to the south—though over a long tract, and, as we have al- 
ready noted, however long a sea may be from north to 
south, it is not subject to tides. But since the Sicilian strait 
is situated between parts of the Mediterranean, extending 
a great distance from west to east—that is, with the tidal 
currents—the agitations in it are very great. They would 
be still greater at the Gates of Hercules, if the Straits of 
Gibraltar were less open; and the currents in the Straits of 
Magellan are reported to be extremely strong. 

This is all that occurs to me at present to tell you about 
the causes of this basic diurnal period of the tides, and of 
their various incidental phenomena. If anything is to be 
brought up in connection with these, it may be done now, 
then we may proceed to the other two periods, the 
monthly and the annual. 

Simp. I do not think it can be denied that your argument 
goes along very plausibly, the reasoning being ex supposi- 
tione, as we Say; that is, assuming that the earth does move 
in the two motions assigned to it by Copernicus. But if we 
exclude these movements, all the rest is vain and invalid; 
and the exclusion of this hypothesis is very clearly pointed 
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out to us by your own reasoning. Under the assumption of 
the two terrestrial movements, you give reasons for the 
ebbing and flowing; and vice versa, arguing circularly, you 
draw from the ebbing and flowing the sign and confirma- 
tion of those same two movements. Passing to a more spe- 
cific argument, you say that on account of the water being 
a fluid body and not firmly attached to the earth, it is not. 
rigorously constrained to obey all the earth’s movements. 
From this you deduce its ebbing and flowing. 
In your own footsteps, I argue the contrary and say: The 
air is even more tenuous and fluid than the water, and less 
affixed to the earth’s surface, to which the water adheres (if 
for no other reason) because of its own weight, which 
presses it down much more than the very light air. Then so 
much the less should the air follow the movements of the 
earth; hence if the earth did move in those ways, we, its in- 
habitants, carried along at the same velocity, would have to 
feel a wind from the east perpetually beating against us 
with intolerable force. That such would necessarily follow, 
daily experience informs us; for if, in riding post with no 
more speed than eight or ten miles an hour in still air, we 
feel in our faces what resembles a wind blowing against us 
not lightly, just think what our rapid course of eight hun- 
dred or a thousand miles per hour would have to produce 
against air which was free from such motion! Yet we feel 
nothing of any such phenomenon. 
SALV. To this objection, which seems so persuasive, I Reply to the 
reply that it is true that the air is much more tenuous and vis 
much lighter than the water, and by its lightness is much against the 
less adherent to the earth than heavy and bulky water. But whirling of 
the consequence which you deduce from these conditions sere me 
is false; that is, that because of its lightness, tenuity, and 
lesser adherence to the earth it must be freer than water 
from following the movements of the earth, so that to us 
who participate completely in those movements its dis- 
obedience would be made sensible and evident. In fact, 
quite the opposite happens. For if you will remember 
carefully, the cause of the ebbing and flowing of the water 
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assigned by us consisted in the water not following the ir- 
regularity of motion of its vessel, but retaining the impe- 
tus which it had previously received, and not diminishing 
it or increasing it in the exact amount by which this is in- 
creased or diminished in the vessel. Now since disobedi- 
ence to a new increase or diminution of motion consists in 
conservation of the original received impetus, that moving 
body which is best suited for such conservation will also be 
best fitted for exhibiting the effect that follows as a conse- 
quence of this conservation. How strongly water is dis- 
posed to preserve a disturbance once received, even after 
the cause impressing it has ceased to act, is demonstrated 
to us by the experience of water highly agitated by strong 
winds. Though the winds may have ceased and the air be- 
come tranquil, such waves remain in motion for a long 
time, as the sacred poet so charmingly sings: Qual alto Egeo, 
etc. The continuance of the commotion in this way de- 
pends upon the weight of the water, for as has been said on 
other occasions, light bodies are indeed much easier to set 
in motion than heavier ones, but they are also much less 
able to keep the motion impressed upon them, once the 
cause of motion stops. The air, being a thing that is in itself 
very tenuous and extremely light, is most easily movable 
by the slightest force; but it is also most inept at conserving 
the motion when the mover ceases acting. 

As to the air that surrounds the terrestrial globe, I shall 
therefore say that it is carried around by its adherence no 
less than the water, and especially those parts of it which 
are contained in vessels, these vessels being plains sur- 
rounded by mountains. And we may much more reason- 
ably declare that such parts are carried around, swept 
along by the roughness of the earth, than that the higher 
parts are swept along by the celestial motion as the Peri- 
patetics assert. 

What I have said so far seems to me to be an adequate 
reply to Simplicio’s objection. But I want to give him more 
than satisfaction by means of a new objection and another 
reply, founded upon a remarkable experiment, and at the 
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same time substantiate for Sagredo the mobility of the 
earth. 
I have said that the air, and especially that part of it Confirming 
which is not above the highest mountains, is carried ‘he eatth’s 
around by the roughness of the earth’s surface. From this it eT 
seems to’ follow that if the earth were not uneven, but ment, bor- 
smooth and polished, there would be no reason for its tak- eee 
ing the air along as company, or at least for its conducting 
it with so much uniformity. Now the surface of this globe 
of ours is not all mountainous and rough, but there are 
very large areas that are quite smooth; such are the sur- 
faces of the great oceans. These, being also quite distant 
from the mountain ranges that encircle them, appear not 
to have any aptitude for carrying along the air above them; 
and whatever may follow as a consequence of not carrying 
it ought therefore to be felt in such places. 
S1IMP. I also wanted to raise this same objection, which 
seems to me very powerful. 
‘SALV. You may well say this, Simplicio, in the sense that 
from no such thing being felt in the air as would result 
from this globe of ours going around, you argue its immo- 
bility. But what if this thing that you think ought to be felt 
as a necessary consequence were, as a matter of fact, actu- 
ally felt? Would you accept this as a sign and a very power- 
ful argument of the mobility of this same globe? 
Sime. In that case it would not be a matter of dealing with 
me alone; for if this should happen and its cause were hid- 
den from me, perhaps it might be known to others. 
SALV. So no one can ever win against you, but must always 
lose; then it would be better not to play. Nevertheless, in 
order not to cheat our umpire, I shall go on. 
We have just said, and will now repeat with some addi- 
tions, that the air, as a tenuous and fluid body which is not 
solidly attached to the earth, seems to have no need of 
obeying the earth’s motion, except in so far as the rough- 
ness of the terrestrial surface catches and carries along 
with it that part of the air which is contiguous to it, or does 
not exceed by any great distance the greatest altitude of 
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the mountains. This portion of the air ought to be least re- 
sistant to the earth’s rotation, being filled with vapors, 
fumes, and exhalations, which are materials that partici- 
pate in the earthy properties and are consequently natu- 
rally adapted to these same movements. But where the 
cause for motion is lacking—that is, where the earth’s sur- 
face has large flat spaces and where there would be less ad- 
mixture of earthy vapors—the reason for the surrounding 
air to obey entirely the seizure of the terrestrial rotation 
would be partly removed. Hence, while the earth is revolv- 
ing toward the east, a beating wind blowing from east to 
west ought to be continually felt in such places, and this 
blowing should be most perceptible where the earth whirls 


most rapidly; this would be in the places most distant from 


the poles and closest to the great circle of the diurnal rota- 
tion. 

Now the fact is that actual experience strongly confirms 
this philosophical argument. For within the Torrid Zone 
(that is, between the tropics), in the open seas, at those: 
parts of them remote from land, just where earthy vapors 
are absent, a perpetual breeze is felt moving from the east 
with so constant a tenor that, thanks to this, ships prosper 
in their voyages to the West Indies. Similarly, departing 
from the Mexican coast, they plow the waves of the Pacific 
Ocean with the same ease toward the East Indies, which 
are east to us but west to them. On the other hand, voyages 
from the Indies eastward are difficult and uncertain, nor 
may they in any case be made along the same routes, but 
must be piloted more toward the land so as to find other 
occasional and variable winds caused by other principles, 
such as we dwellers upon terra firma continually experi- 
ence. There are many and various reasons for the origin of 
such winds which we need not bother to bring up at pres- 
ent. These occasional winds blow indifferently toward all 
parts of the earth, disturbing seas distant from the equator 
and bordered by the rough surface of the earth: This 
amounts to saying that such seas are subjected to those dis- 
turbances of the air which interfere with the primary cur- 
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rent of air that would be felt continually, especially on the 
ocean, if such accidental disturbances were lacking. 

Now you see how the actions of the water and the air 
show themselves to be remarkably in accord with celestial 
observations in confirming the mobility of our terrestrial 
globe. 

SAGR. Yet in order to cap all this, I wish also to tell you 
one particular which seems to me to be unknown to you, 
yet which confirms this same conclusion. You, Salviati, 
have mentioned that phenomenon which sailors en- 
counter in the tropics; I mean that constant wind blowing 
from the east, of which J have heard accounts from those 
who have made the voyage quite often. Moreover, it is an 
interesting fact that sailors do not call this a “wind,” but 
have some other name for it which slips my mind, taken 
perhaps from its even tenor. When they encounter it, they 
tie up their shrouds and the other cordage of the sails, and 
without ever again having any need to touch these, they 
can continue their voyage in security, or even asleep. Now 
this perpetual breeze has been known and recognized by 
reason of its blowing continuously without interruption; 
for if other winds had interrupted it, it would not have 
been recognized as a singular effect different from all the 
others. From this I may infer that the Mediterranean Sea 
might also participate in such a phenomenon, but that this 
escapes unobserved because it is frequently interrupted by 
other supervening winds. I say this advisedly, and upon 
very probable theories which occurred to me from what I 
had occasion to learn during the voyage I made to Syria 
when I went to Aleppo as consul of our nation. Keeping a 
special record and account of the days of departure and 
arrival of ships at the ports of Alexandria, Alexandretta, 
and here at Venice, I discovered in these again and again 
that, to my great interest, the returns here (that is, the voy- 
ages from east to west over the Mediterranean) were made 
in proportionately less time than those in the opposite di- 
rection, in a ratio of 25 per cent. Thus we see that on the 
whole the east winds are stronger than those from the west. 
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SALV. I am glad to know of this detail, which contributes 
not a little confirmation to the mobility of the earth. And 
though it may be said that all the water of the Mediter- 
ranean pours perpetually through the Straits of Gibraltar, 
having to disgorge into the ocean all the waters of so many 
rivers that empty into it, I do not believe that the current 
can be so strong that it alone could make such a remark- 
able difference. This is also evident from seeing that the 
water at Pharos runs back toward the east no less than it 
courses toward the west. 

SaGR. I, who unlike Simplicio, have not been worrying 
about convincing anybody besides myself, am satisfied 
with what has been said regarding this first part. Therefore, 
Salviati, if you wish to proceed, I am ready to listen. 
SALV. I am yours to command; but I should like to hear 
also how it looks to Simplicio, for from his judgment I can 
estimate how much I may expect from these arguments of 
mine in the Peripatetic schools, should they ever reach 
those ears. 

Simp. I do not want you to take my opinion as a basis for 
guessing at the judgments of others. As I have often said, I 
am among the tyros in this sort of study, and things which 
would occur to those who have penetrated into the pro- 
foundest depths of philosophy might never occur to me; 
for, as the saying goes, I have hardly greeted its doorkeeper. 
Yet to show some spark of fire, shall say that as for the ef- 
fects recounted by you, and this last one in particular, it 
seems possible to me to render quite sufficient reasons 
from the mobility of the heavens alone, without introduc- 
ing any novelties beyond the mere converse of what you 
yourself have brought into the field. 

It is admitted by the Peripatetic school that the element 
of fire and a large part of the air are carried around in the 
diurnal rotation from east to west by contact with the lunar 
sphere as their containing vessel. Now without deviating 
from your footprints, I should like us to establish the quan- 
tity of air participating in that motion as that part which 
comes down about to the summits of the highest moun- 
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tains, and would extend on down to the earth itself if the 
obstacle presented by these very mountains did not hinder 
it. Thus, just as you declared that the air surrounding the 
mountain ranges is carried around by the roughness of the 
moving earth, we say the converse—that all the element of 
air is carried around by the motion of the heavens except 
that part which is lower than the mountain peaks, this 
being impeded by the roughness of the immovable earth. 
And where you would say that if such roughness were re- 
moved, this would also free the air from being caught, we 
may say that if this roughness were removed, all the air 
would proceed in this movement. And since the surfaces of 
the open seas are smooth and level, the motion of the 
breeze which blows perpetually from the east continues 
there, and is more noticeable at places near the equator, 
within the tropics, where the motion of the heavens is 
most rapid. 

And as this celestial movement is powerful enough to 
carry the free air with it, we may say quite reasonably that 
it contributes this same motion to the movable water. For 
_ this is fluid, and unattached to the earth’s immobility. We 
may affirm this with the more confidence in view of your 
own admission that such a movement need be only very 
small with respect to its effective cause, which, going 
around the entire terrestrial globe in one natural day, 
passes over many thousands of miles per hour (especially 
near the equator), while currents in the open sea move but 
a very few miles per hour. In this way our voyages toward 
the west would be much more convenient and rapid, being 
assisted not only by the perpetual eastern breeze, but also 
by the course of the waters. 

Perhaps from that same coursing of the water, tides also 
may arise; the water, striking against the variously situated 
shores, might even return straight back in the opposite di- 
rection, as experience shows us in the courses of rivers. For 
there the water, because of the irregularity of the banks, 
often meets some part which juts out or which makes a 
hollow from beneath, and it whirls around and is seen to 
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return perceptibly. Hence it seems to me that the same ef- 
fects from which you argue the mobility of the earth (and 
which mobility you offer as a cause for them) may be suf- 
ficiently explained if we hold the earth fixed and restore 
the mobility to the heavens. 

SALV. It cannot be denied that your argument is ingenious 
and carries something of probability, but I say that this is a 
probability in appearance only and not in reality. There 
are two parts to your argument; in the first, you render a 
reason for the continual motion of the eastern breeze, and 
also for the motion of the water; in the second, you wish 
also to obtain a cause for the tides from the same source. 
The first part, as I have said, has some semblance of prob- 
ability, though much less than we achieve from terrestrial 
motion. Fhe second part is not only entirely improbable, 
but is absolutely impossible and false. , 

As to the first, in which you say that the hollow of the 
lunar sphere sweeps along with it the element of fire and 
all the air down to the summits of the highest mountains, I 
say first that there is doubt whether any element of fire ex- 
ists. Even assuming that it does, it is extremely doubtful 
whether the lunar sphere exists; or indeed, whether any of 
the other “spheres” do. That is to say, it is questionable 
whether there actually are such bodies, solid and ex- 
tremely vast, or whether beyond the air there does not 
rather extend a continuous expanse of a substance very 
much more tenuous and pure than our air, and whether the 
planets do not wander through this, as is now commencing 
to be held even by most of these same philosophers. 

But however that may be, there is no reason for us to be- 
lieve that fire, by simple contact with a surface which you 
yourself consider to be remarkably smooth and even, 
should in its entire extent be carried around in a motion 
foreign to its own inclination. This has been proved 
throughout // Saggiatore, and demonstrated by sensible ex- 
periments. Beyond this, there is the further improbability 
of such motions being transferred from most subtle fire to 
the air, which is much denser, and then from this to water. 
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But that a body of very rough and mountainous surface, 
by revolving, should conduct along with it the contiguous 
air which strikes against its prominences is not merely 
probable, but necessary; it may be seen from experience, 
though I believe that even without seeing it no one would 
cast doubt upon it. 

As for the rest, assuming that the air and even the 
water were conducted by the motion of the heavens, such Flow and 
a motion would have nothing whatever to do with the ebb cannot 
tides. For since from one uniform cause only one single a 
uniform effect can follow, there would have to be ‘discov- celestial 
ered in the waters a continual and uniform current from ™°Y™°"® 
east to west, existing only in those oceans which, return- 
ing upon themselves, encircle the globe. In inland seas 
such as the Mediterranean, hemmed in as it is on the east, 
there could be no such motion. For if its waters were dri- 
ven by the course of the heavens toward the west, it 
would have been dried up many centuries ago; besides 
which, our waters do not run only toward the west, but re- 
turn back toward the east in regular periods. If indeed you 
should say, from the example of the rivers, that the course 
of the seas was originally from east to west only, but that 
the different situations of their shores might force some 
of the water to flow in reverse, then I shall grant you this, 
Simplicio; but you must take note that wherever the water 
is turned back for this reason, it perpetually returns again, 
while where it runs forward, it always keeps going in the 
same direction, as you may see from your example of 
the rivers. As to the tides, you must discover and bring 
forth reasons for making them run now one way and now 
the other at the same place—effects which, being con- 
trary and irregular, you can never deduce from one uni- 
form and constant cause. This, as well as overthrowing the 
idea of a motion being contributed to the sea by the diur- 
nal movement of the heavens, also defeats those who 
would like to grant to the earth only the diurnal motion 
and who believe that with this alone they can give a rea- 
son for the tides. For since the effect is irregular, it is 
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necessarily required that its causes shall be irregular and 
variable. 
Simp. I have nothing further to say; neither on my own ac- 
count, because of my lack of inventiveness, nor on that of 
others, because of the novelty of the opinion. But I do in- 
deed believe that if this were broadcast among the schools, 
there would be-no lack of philosophers who would be able 
to cast doubt upon it. 
SaGR. Then let us wait until that happens. In the mean- 
time, if it is satisfactory with you, Salviati, let us proceed. 
SALV. Everything that has been said up to this point per- 
tains to the diurnal period of the tides, of which the pri- 
mary and universal cause has first been proved, without 
which no effect whatever would take place. Next, passing 
on to the particular events to be observed in this diurnal 
period (which vary and are in a certain sense irregular), 
the secondary and concomitant causes upon which these 
depend remain to be dealt with. : 
Now two other periods occur, the monthly and the an- 
nual. These do not introduce new and different events be- 
yond those already considered under the diurnal period, 
but they act upon the latter by making them greater or less 
at different parts of the lunar month and at different seasons 
of the solar year—almost as though the moon and sun were 
taking part in the production of such effects. But that con- 
cept is completely repugnant to my mind; for seeing how 
this movement of the oceans is a local and sensible one, 
made in an immense bulk of water, I cannot bring myself to 
give credence to such causes as lights, warm temperatures, 
predominances of occult qualities, and similar idle imagin- 
ings. These are so far from being actual or possible causes of 
the tides that the very contrary is true. The tides are the 
cause of them; thatis, make them occur to mentalities better 
equipped for loquacity and ostentation than for reflections 
upon and investigations into the most hidden works of na- 
ture. Rather than be reduced to offering those wise, clever, 
and modest words, “I do not know,” they hasten to wag their 
tongues and even their pens in the wildest absurdities. 
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We see that the moon and the sun do not act upon small 
receptacles of water by means of light, motion, and great 
or moderate heat; rather, we see that to make water rise by 
heat, one must bring it almost to boiling. In short, we can- 
not artificially imitate the movement of the tides in any 
way except by movement of the vessel. Now should not 
these observations assure anyone that all the other things 
produced as a cause of this effect are vain fantasies, en- 
tirely foreign to the truth of the matter? 

Thus I say that if it is true that one effect can have only Alterations 
one basic cause, and if between the cause and the effect . in effects 

: : imply alter- 

there is a fixed and constant connection, then whenever a ations in the 
fixed and constant alteration is seen in the effect, there causes. 
must be a fixed and constant variation in the cause. Now 
since the alterations which take place in the tides at differ- The causes 
ent times of the year and of the month have their fixed and of the 
constant periods, it must be that regular changes occur si- rail 
multaneously in the primary cause of the tides. Next, the _ periods of 
alterations in the tides at the said times consist of nothing pean “a 
more than changes in their sizes; that is, in the rising and _ tength. 
lowering of the water a greater or less amount, and its run- 
ning with greater or less impetus. Hence it is necessary that 
whatever the primary cause of the tides'is, it should in- 
crease or diminish its force at the specific times mentioned. 
But it has already been concluded that an irregularity and 
unevenness in the motion of the vessel containing the 
water is the primary cause of the tides; therefore this un- 
evenness must become correspondingly still more irregu- 
lar from time to time (that is, must increase or diminish). 

Now we must remember that the unevenness (that is, 
the varying velocity of the vessels which are parts of the 
earth’s surface) depends upon these vessels moving with a 
composite motion, the resultant of compounding the an- 
nual and the diurnal motions which belong to the entire 
terrestrial globe. Of these the diurnal whirling, with its al- 
ternate addition to and subtraction from the annual move- 
ment, is the thing that produces the unevenness of the 
compound motion. Thus the primary cause of the uneven 
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motion of the vessels, and hence of that of the tides, con- 
sists in the additions and subtractions which the diurnal 
whirling makes with respect to the annual motion. And if 
these additions and subtractions were always made in the 
same proportion with respect to the annual motion, the 
cause of tides would indeed continue to exist, but only a 
cause for their being perpetually made in the same man- 
ner. Now we must find a reason for these same tides being 
made greater and less at different times; hence, if we wish 
to preserve the identity of the cause, there is a necessity of 
finding changes in these additions and subtractions, mak- 
ing them more and less potent at producing those effects 
which depend upon them. But I do not see how this can be 
done except by making these additions and subtractions 
now greater and now less, so that the acceleration and re- 
tardation of the composite motion shall be made now in a 
greater and now in a lesser ratio. 

SAGR. I feel myself being gently led by the hand; and al- 
though I find no obstacles in the road, yet like the blind I 
do not see where my guide is leading me, nor have I any 
means of guessing where such a journey must end. 

SALV. There is a vast difference between my slow philos- 
ophizing and your rapid insights; yet in this particular with 
which we are now dealing, I do not wonder that even the 
perspicacity of your mind is beclouded by the thick dark 
mists which hide the goal toward which we are traveling. 
All astonishment ceases when I remember how many 
hours, how many days, and how many more nights I spent 
on these reflections; and how often, despairing of ever un- 
derstanding it, I tried to console myself by being con- 
vinced, like the unhappy Orlando, that that could not be 
true which had been nevertheless brought before my very 
eyes by the testimony of so many trustworthy men. So you 
need not be surprised if for once, contrary to custom, you 
do not foresee the goal. And if you are nevertheless dis- 
mayed, then I believe that the outcome (which so far as I 
know is entirely unprecedented) will Bae an end to this 
puzzlement of yours. 
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SAGR. Well, thank God for not letting your despair lead 

you to the end that befell the miserable Orlando, or to that 
which is perhaps no less fictitiously related of Aristotle; for 

then everyone, myself included, would be deprived of the 
revelation of something as thoroughly hidden as it is 
sought after. Therefore I beg you to satiate my greed for it 

as quickly as you can. 

SALV. I am at your service. We have arrived at an inquiry 

as to how the additions and subtractions of the terrestrial 
whirling and the annual motion might be made now in 
greater and now in lesser ratios; for it is such a diversity, 

and nothing else, that may be assigned as a cause for the 
monthly and annual changes in the size of the tides. I shall The pro- 


next consider three ways in which this ratio of the addi- i am 
whic. 


tions and subtractions of the earth’s rotation and the an- yhisting is 
nual motion may be made greater and less. added to 
First, this could be done by the velocity of the annual ‘the anmual 
motion may 


motion increasing and decreasing while the additions be altered 
and subtractions made by the diurnal whirling remained in three 
constant in magnitude. For since the annual motion is ~~ 
about three times as fast as the diurnal motion, even tak- 
ing the latter at the equator, then if we were to increase 
it further, the addition or subtraction of the diurnal mo- 
tion would make less of an alteration. On the other 
hand if it were made slower, this same diurnal motion 
would alter it proportionately more. Thus to add or sub- 
tract four degrees of speed when dealing with something 
which moves with twenty degrees will alter its course 
less than if the same four degrees were added to or 
subtracted from something which moved with only ten 
degrees of speed. 

The second way would be by making the additions and 
subtractions greater or smaller, retaining the annual mo- 
tion at the same velocity. This is very easy to see, since it is 
obvious that a velocity of twenty degrees (for instance) 
will be altered more by the addition or subtraction of ten 
degrees than by the addition or subtraction of four. 

The third manner would be a combination of these two, 
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the annual motion diminishing and the diurnal additions 
and subtractions increasing. 

As you see, it was easy to get this far; yet it was indeed a 
laborious task for me to discover how such effects could be 
accomplished in nature. Yet I finally found something that 
served me admirably. In a way it is almost unbelievable. I 
mean that it is astonishing and incredible to us, but not to 
Nature; for she performs with the utmost ease and sim- 
plicity things which are even infinitely puzzling to our 
minds, and what is very difficult for us to comprehend is 
quite easy for her to perform. 

To continue, then. Having demonstrated that the pro- 
portions between the additions and subtractions of the 
whirling on the one hand and the annual motion on the 
other may be made greater and less in two manners (I say 
two, because the third is a composite of the others), I add 
now that Nature does make use of both; and I add further 
that if she made use of but one of them, then one of the 
two periodic alterations of the tide would necessarily be 
removed. The monthly periodic changes would cease if 
there were no variation due to the annual motion, and if 
the additions and subtractions of the diurnal rotation were 
kept always equal, then the annual periodic alterations 
would be missing. 

SAGR. Then do the monthly alterations of the tides de- 
pend upon changes in the annual motion of the earth? And 
the annual alterations in the ebb and flow are derived from 
the additions and subtractions of the diurnal rotation? 
Now I am more confused than ever; and farther from any 
hope of being able to comprehend how this complication’ 
comes about, more intricate to my mind than the Gordian 
knot. I envy Simplicio, from whose silence I deduce that he 
understands everything and is free from the confusion that 
beclouds my imagination. 

SIMP. I really believe that you are confused, Sagredo, and 
I also think I know the cause of your confusion. In my 


‘opinion this originates from your understanding a part of 


what Salviati has set forth, and not understanding another 
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part. And you are also correct about my not being con- 
fused at all, though not for the reason you suppose; that is, 
that I understand the whole thing. Quite the contrary; I 
understand nothing whatever of it, and confusion lies in 
the multiplicity of things—not in nothing. 
SAGR. You see, Salviati, how the checkrein that has been 
applied to Simplicio in the past sessions has gentled him, 
and changed him from a skittish colt into an ambling nag. 
But please, without more delay, put an end to this sus- 
pense for both of us. 
SALV. I shall do my best to overcome my obscure way of 
expressing myself, and the sharpness of your wits will fill 
up the dark places. 
There are two events whose causes we must investigate; 
the first concerns the variation which occurs in the tides 
over a monthly period, and the other belongs to the annual 
period. We shall speak first of the monthly, and then deal 
with the annual; and we must first resolve the whole ac- 
cording to the axioms and hypotheses already established, 
without introducing any innovations either from astron- 
omy or from the universe to help out the tides. We shall 
demonstrate that the causes for all the various events per- 
ceived in the tides reside in things previously recognized A most true 
and accepted as unquestionably true. Thus I say that one catia 
true, natural, and even necessary thing is that a single sale 8 
movable body made to rotate by a single motive force will | smaller cir- 
take a longer time to complete its circuit along a greater ee 
circle than along a lesser circle. This is a truth accepted by shorter 
all, and in agreement with experiments, of which we may ai se 
adduce a few. tes cin. 
In order to regulate the time in wheel clocks, especially _ cles, as 
large ones, the builders fit them with a certain stick which gee 
is free to swing horizontally. At its ends they hang leaden’ ples, 
weights, and when the clock goes too slowly, they can ren- first 
der its vibrations more frequent merely by moving these example. 
weights somewhat toward the center of the stick. On the 
other hand, in order to retard the vibrations, it suffices to 


draw these same weights out toward the ends, since the os- 
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cillations are thus made more slowly and in consequence 
the hour intervals are prolonged. Here the motive force is 
constant—the counterpoise—and the moving bodies are 
the same weights; but their vibrations are more frequent 
when they are closer to the center; that is, when they are 
moving along smaller circles. 

Let equal weights be suspended from unequal cords, re- 
moved from the perpendicular, and set free. We shall see 
the weights on the shorter cords make their vibrations in 
shorter times, being things that move in lesser circles. 
Again, attach such a weight to a cord passed through a sta- 
ple fastened to the ceiling, and hold the other end of the 
cord in your hand. Having started the hanging weight 
moving, pull the end of the cord which you have in your 
hand so that the weight rises while it is making its oscilla- 
tions. You will see the frequency of its vibrations increase 
as it rises, since it is going continually along smaller circles. 

And here I want you to notice two details which deserve 
attention. One is that the vibrations of such a pendulum 
are made so rigorously according to definite umes, that it 
is quite impossible to make them adopt other periods ex- 
cept by lengthening or shortening the cord. Of this you 
may readily make sure by experiment, tying a rock to a 
string and holding the end in your hand. No matter how 
you try, you can never succeed in making it go back and 
forth except in one definite time, unless you lengthen or 
shorten the string; you will see that it is absolutely impos- 
sible. 

The other particular is truly remarkable; it is that the 
same pendulum makes its oscillations with the same fre- 
quency, or very little different—almost imperceptibly— 
whether these are made through large arcs or very small 
ones along a given circumference. I mean that if we re- 
move the pendulum from the perpendicular just one, two, 
or three degrees, or on the other hand seventy degrees or 
eighty degrees, or even up to a whole quadrant, it will 
make its vibrations when it is set free with the same fre- 
quency in either case; in the first, where it must move only 
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through an arc of four or six degrees, and in the second 
where it must pass through an arc of one hundred sixty de- 
grees or more. This is seen more plainly by suspending 
two equal weights from two threads of equal length, and 
then removing one just a small distance from the perpen- 
dicular and the other one a very long way. Both, when set 
at liberty, will go back and forth in the same times, one by 
small arcs and the other by very large ones. 

From this follows the solution of a very beautiful prob- Remarkable 
lem, which is this: Given a quarter of a circle—I shall draw Problem of 
it here in a little diagram on the ground—which shall be Ps A 
AB here, vertical to the horizon so that it extends in the | scending 


plane touching at the point B; take an arc made of a very aa 
smooth and polished concave hoop bending along the cur- - “i 

vature of the circumference ADB, things de- 

so that a well-rounded and smooth © oe 

ball can run freely in it (the rim of a chord of 

~ sieve is well suited for this experi- : amen 
circle, 


ment). Now I say that wherever you 

place the ball, whether near to or far 

from the ultimate limit B—placing 

it at the point C, or at D, or atE— | 

and let it go, it will arrive at the Fie. 30 

point B in equal times (or insensibly: 

different), whether it leaves from C or D or E or from any 

other point you like; a truly remarkable phenomenon. 
Now add another, no less beautiful than the last. This is 

that along all chords drawn from the point B to points C, 

D, E, or any other point (taken not only in the quadrant 

BA, but in the whole circumference of the entire circle), 

the same movable body will descend in absolutely equal 

times. Thus in the same time which it takes to descend 

along the whole diameter erected perpendicular to the 

point B, it will also descend along the chord BC even when 

that subtends but a single degree, or yet a smaller arc. 
And one more marvel: The motions of bodies falling 

along the arcs of the quadrant AB are made in shorter 

times than those made along the choyds of the same arcs, 
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so that the fastest motion, made in the shortest time, by a 
movable body going from the point A to the point B will be 
along the circumference ADB and will not be that which is 
made along the straight line AB, although that is the short- 
est of all the lines which can be drawn between the points 
A and B. Also, take any point in that same arc (let it be, for 
instance, the point D), and draw two chords AD and DB, 
then the moving body leaving from the point A will get to 
B in less time going along the two chords AD and DB than 
going along the single chord AB. The shortest time of all 
will be that of its fall along the arc ADB, and similar prop- 
erties are to be understood as holding for all lesser arcs 
taken upward from the lowest limit B. | 
SAGR. Enough; no more; you are confusing me so with 
marvels, and are distracting my mind in so many direc- 
tions, that I fear only a small part of it will remain free and 
clear for me to apply to the main subject we are dealing 
with—which, J regret to say, is too obscure and difficult as 
it is. | beg you, as:a favor to me, that when we have finished 
with the theory of the tides there shall be other days when 
you will again honor this house of mine and of yours, to 
discuss the many other problems that have been left dan- 
gling. Perhaps they will be no less interesting and elegant 
than these which we have been treating in the days just 
past, and which ought to be finished today. 
SALV. I shall be at your disposal, though we shall have to 
have more than one or two sessions if, in addition to the 
questions reserved to be separately dealt with, we wish to 
add the many that pertain both to local motion and to the 
motions natural to projectiles—subjects dealt with at 
length by our Lincean Academician. 
Getting back to our original purpose, we were explain- 
ing that for things moved circularly by some motive force 
which is kept continually the same, the times of circula- 
tion are preestablished and determined, and impossible to 
lengthen or shorten. Having given examples of this and 
brought forth sensible experiments which we can perform, 
we may affirm the same to be true of our experience of the 
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planetary movements in the heavens, for which the same 
rule is seen to hold: Those which move in the larger circles 
consume the longer times in passing through them. We 
have the most ready observations of this from the satellites 
of Jupiter, which make their revolutions in short times. So 
there is no question that if, for example; the moon, contin- 
uing to be moved by the same motive force, were drawn 
little by little into smaller circles, it would acquire a ten- 
dency to shorten the times of its periods, in agreement 
with that pendulum which in the course of its vibrations 
had its cord shortened by us, reducing the radius of the 
circumference traversed. Now this example which I gave 
you concerning the moon actually takes place and is veri- 
fied in fact. Let us remember that we had already con- 
cluded with Copernicus that it is not possible to separate 
the moon from the earth, about which it unquestionably 
moves in a month. Let us likewise remember that the ter- The earth’s 
restrial globe, always accompanied by the moon, goes ual mo- 
along the circumference of its orbit about the sun in one eg 
year, in which time the moon revolves around the earth al- _ irregular 
most thirteen times. From this revolution it follows that oe 
the moon is sometimes close to the sun (that is, when it is of the 
between the sun and the earth), and sometimes more dis- ™0on. 
tant (when the earth lies between the moon and the sun). It 
is close, in a word, at the time of conjunction and new 
moon, it is distant at full moon and opposition, and its 
greatest distance differs from its closest approach by as 
much as the diameter of the lunar orbit. 
Now if it is true that the force which moves the earth 
and the moon around the sun always retains the same 
strength, and if it is true that the same moving body moved 
by the same force but in unequal circles passes over simi- 
lar arcs of smaller circles in shorter times, then it must 
necessarily be said that the moon when at its least distance 
from the sun (that is, at conjunction) passes through 
greater arcs of the earth’s orbit than when it is at its great- 
est distance (that is, at opposition and full moon). And it is 
necessary also that the earth should share in this irregular- 
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ity of the moon. For if we imagine a straight line from the 
center of the sun to the center of the terrestrial globe, in- 
cluding also the moon’s orbit, this will be the radius of the 
orbit in which the earth would move uniformly if it were- 
alone. But if we locate there also another body carried by 
the earth, putting this at one time between the earth and 
the sun and at another time beyond the earth at its greatest 
distance from the sun, then in this second case the com- 
mon motion of both along the circumference of the earth’s 
orbit would, because of the greater distance of the moon, 
have to be somewhat slower than in the other case when 
the moon is between the earth and the sun, at its lesser dis- 
tance. So that what happens in this matter is ust what hap- 
pened to the rate of the clock, the moon representing to us 
that weight which is attached now farther from the center, 
in order to make the vibrations of the stick less frequent, 
and now closer, in order to speed them up. 

From this it may be clear that the annual movement of 
the earth in its orbit along the ecliptic is not uniform, and 
that its irregularity derives from the moon and has its peri- 
ods and restorations monthly. Now it has already been de- 
cided that the monthly and annual periodic alterations of 
the tides could derive from no other cause than from vary- 
ing ratios between the annual motion and the additions to 
it and subtractions from it of the diurnal rotation; and that 
such alterations might be made in two ways; that is, by al- 
tering the annual motion and keeping fixed the magni- 
tudes of the additions, or by changing the size of these and 
keeping the annual motion uniform. We have now de- 
tected the first of these two ways, based upon the uneven- 
ness of the annual motion; it depends upon the moon, and 
has its period monthly. Thus it is necessary that for this 
reason the tides should have a monthly period within 
which they become greater and smaller. 

Now you see how the cause of the monthly period re- 
sides in the annual motion, and at the same time you see 
what the moon has to do with this affair, and how it plays a 
role without having anything to do with oceans or with 
waters. 
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SAGR. If a very high tower were shown to someone who 
had no knowledge of any kind of staircase, and he were 
asked whether he dared to scale such a supreme height, I 
believe he would surely say no, failing to understand that 
it could be done in any way except by flying. But being 
shown a stone no more than half a yard high and asked 
whether he thought he could climb up on it, he would an- 
swer yes, I am sure; nor would he deny that he could easily 
climb up not once, but ten, twenty, or a hundred times. 
Hence if he were shown the stairs by which one might just 
as easily arrive,at the place he had adjudged impossible to 
reach, I believe he would laugh at himself and confess his 
lack of imagination. 

You, Salviati, have guided me step by step so gently that 
I am astonished to find I have arrived with so little effort at 
a height which I believed impossible to attain. It is cer- 
tainly true that the staircase was so dark that I was not 
aware of my approach to or arrival at the summit, until I 
had come out into the bright open air and discovered a 
great sea and a broad plain. And just as climbing step by 
step is no trouble, so one by one your propositions ap- 
peared so clear to me, little or nothing new being added, 
that I thought little or nothing was being gained. So much 
the more is my wonder at the unexpected outcome of this 
argument, which has led me to a comprehension of things 
I believed inexplicable. 

Just one difficulty remains from which I desire to be 
freed. If the movement of the earth around the zodiac in 
company with the moon is irregular, such an irregularity 
ought to have been observed and noticed by astronomers, 
but I do not know that this has occurred. Since you are bet- 
ter informed on these matters than I am, resolve this ques- 
tion for me and tell me what the facts are. 

SALV. Your doubt is very reasonable, and in response to 
the objection I say that although astronomy has made great 
progress over the course of the centuries in investigating 
the arrangement and movements of the heavenly bodies, it 
- has not thereby arrived at such a state that there are not 
many things still remaining undecided, and perhaps still 
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more which remain unknown. It is likely that the first ob- 
servers of the sky recognized nothing but a general motion 
of all the stars—the diurnal motion—but I think it was not 
long before they discovered that the moon is inconstant 
about keeping company with the other stars. Years would 
have passed before they had distinguished all the planets, 
however. In particular, I believe that Saturn, on account of 
its slowness, and Mercury, because of being rarely seen, 
were the last objects to be recognized as vagrant and wan- 
dering. Many more years probably passed before the stop- 
pings and retrograde motions of the three outer planets 
were observed, and their approaches and retreats from the 
earth, which occasioned the need to introduce eccentrics 
and. epicycles—things unknown even to Aristotle, who 
makes no mention of them. How long did Mercury and 
Venus, with their remarkable phenomena, keep as- 
tronomers in suspended judgment about their true loca- 
tions, to mention nothing else? Thus even the ordering of 
the world bodies and the integral structure of that part of 
the universe recognized by us was in doubt up to the time 
of Copernicus, who finally supplied the true arrangement 
and the true system according to which these parts are or- 
dered, so that we are certain that Mercury, Venus, and the 
other planets revolve about the sun and that the moon re- 
volves around the earth. But we cannot yet determine 
surely the law of revolution and the structure of the orbit 
of each planet (the study ordinarily called planetary the- 
ory); witness to this fact is Mars, which has caused modern 
astronomers so much distress. Numerous theories have 
also been applied to the moon itself since the time when 
Copernicus first greatly altered Ptolemy’s theory. 

Now to get down to our particular point; that is, to the 
apparent motions of the sun and moon. In the former there 
has been observed a certain great irregularity, as a result of 
which it passes the two semicircles of the ecliptic (divided 
by the equinoctial points) in very different times, consum- 
ing about nine days more in passing over one half than the 
other; a difference which is, as you see, very conspicuous. 
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It has not yet been observed whether the sun preserves a 
regular motion in passing through very small arcs, as for 
example those of each sign of the zodiac, or whether it 
goes at a pace now somewhat faster and now slower, as 
would necessarily follow if the annual motion belongs 
only apparently to the sun and really to the earth in com- 
pany of the moon. Perhaps this has not even been looked 
into. 

As to the moon, its cycles have been investigated princi- 
pally i in the interest of eclipses, for which it suffices to have 
an exact knowledge of its motion around the earth. The 
progress of the moon through particular arcs of the zodiac 
has accordingly not been investigated in thoroughgoing 
_ detail. Therefore the fact that there is no obvious irregu- 
larity is insufficient to cast doubt upon the possibility that 
the earth and the moon are somewhat accelerated at new 
moon and retarded at full moon in traveling through the 
zodiac; that is, in going along the circumference of the 
earth’s orbit. This comes about for two reasons; first, that 
the effect has not been looked for, and second, that it can- 
not be very large. 

Nor is there any need for the irregularity to be very 
large in order to produce the effect that is seen in the al- 
terations of the size of the tides. For not only the changes, 
but the tides themselves, are small with respect to the 
magnitude of the bodies in which they occur, though with 
respect to us and to our smallness they seem to be great 
things. Adding or deducting one degree of speed where 
there are naturally seven hundred or a thousand cannot be 
called a large change, either in what confers.it or in what 
receives it; and the water of our sea, carried by the diurnal 
whirling, travels about seven hundred miles per hour. This 
is the motion common to it and to the earth, and therefore 
imperceptible to us. The motion which is made sensible to 
us in currents is not even one mile per hour (I am speaking 
of the open sea, and not of straits), and it is this that alters 
the great, natural primary motion. 

Still, such a change is considerable with respect to us 


Motion of 
the moon 
investigated 
mainly be- 
cause of 
eclipses. 


Tides are 
very small 
with respect 
to the vast- 
ness of the 
oceans and 
the speed of 
the terres- 
trial globe. 


530 - The Fourth Day 


Cause of 
the uneven- 
ness of the 
subtractions 
and addi- 
tions of the 
diurnal ro- 
tation upon 
the annual 
motion. 


and to our ships. A vessel that can make, say, three miles 
per hour in quiet water under the power of its oars, will 
have its travel doubled by such a current favoring it instead 
of opposing it. This is a very notable difference in the mo- 
tion of the boat, though it is quite small in the movement 
of the sea, which is changed by only one seven-hundredth. 
I say the same of its rising and falling one, two, or three 
feet—scarcely four or five feet even at the extremity of a 
basin two thousand or more miles long, where its depth is 
hundreds of feet. Such a change is much less than if, in one 
of the barges bringing sweet water to us, this water should 
rise in the prow by the thickness of a leaf at an arrest of the 
barge. From this I conclude that very small alterations with 
respect to the immense size and extreme speed of the 
oceans would be sufficient to make great changes in them 
in relation to the minuteness of ourselves and our phe- 
nomena. 

SAGR. Iam fully satisfied as to this part. It remains for you 
to explain to us how these additions and subtractions de- 
riving from the diurnal whirling are increased or dimin- 
ished, upon which alterations you hinted would depend 
the annual period of growth and diminution in the tides. 
SALV. I shall use all my resources to make myself under- 
stood, but the difficulty of the phenomena themselves and 
the great abstractness of mind needed to understand them 
intimidate me. 

The irregularity of the. additions and subtractions 
which the diurnal rotation makes upon the annual motion 
depends upon the tilting of its axis to the plane of the 
earth’s orbit, or ecliptic. By this tilting, the equator crosses 
the ecliptic and is inclined and oblique to it with the same 
slope as that of the axis. The magnitude of the additions 
amounts to as much as the entire diameter of the equator 
when the center of the earth is at the solstitial points, but 
outside of those it amounts to less and less according as the 
center approaches the equinoctial points, where such addi- 
tions are least of all. This is the whole story, but it is 
wrapped in the obscurity which you perceive. 
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SAGR. Rather in that which I do not perceive, since so far 
I do not understand a thing. 
SALV. That is just what I expected; nevertheless, we shall 
see whether the drawing of a little diagram will not shed 
some light on it. It would be better to represent this effect 
by means of solid bodies than by a mere picture; however, 
we may get some assistance from perspective and fore- 
shortening. So let us show, as before, the circumference of 
the earth’s orbit, the point A being supposed to be at one of 
the solstices and the diameter AP being the common sec- 
tion of the solstitial colure and the plane of the earth’s 
orbit, or ecliptic. Suppose the center of the terrestrial 
globe to be located at this point A; its axis, CAB, tilted to 
the plane of the earth’s orbit, falls in the plane of the said 
colure, which passes through the axes of both equator and 
ecliptic. To avoid confusion, we shall show only the equa- 
torial circle, indicating this with the letters DGEF, whose 
common section with the plane of the earth’s orbit will be 
the line DE, so that one half of the equator, marked DFE, 
will be below the plane of the earth’s orbit, and the other 
half, DGE, will be above it. 

It is now supposed that the revolution of the equator 1s 
in the order of the points D, G, E, F, and that the motion of 
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the center is toward E. The center of the earth being at A, 
its axis CB (which is perpendicular to the equatorial diam- 
eter DE) falls as we said in the solstitial colure, the com- 
mon section of this with the earth’s orbit being the 
diameter PA; hence this line PA will be perpendicular to 
DE, because the colure is perpendicular to the earth’s 
orbit. Therefore DE will be tangent to the earth’s orbit at 
the point A, so that in this position the motion of the cen- 
ter along the arc AE, which amounts to one degree per day, 
would vary but little; it would even be as if it were along 
the tangent DAE. And since the diurnal rotation, carrying 
the point D through G to E, is increased over the motion 
of the center (which moves practically along this same line 

' DE) by as much as the whole diameter DE, while on the 

- other hand the other semicircle EFD is diminished by the 
same amount in its motion, the additions and subtractions 
at this point (that is, at the time of the solstice) will be 
measured by the entire diameter DE. 

Next we shall see whether they are of the same magni- 
tude at the times of the equinoxes. Transporting the cen- 
ter of the earth to the point I, one quadrant away from the 
point A, let us take the same equator GEFD, its common 
section DE with the ecliptic, and its axis CB at the same 
tilt. Now the tangent to the ecliptic at the point I will no 
longer be DE, but a different one, cutting this at right an- 
gles. This will be marked HIL, in the direction of which 
will be the motion of the center I, proceeding along the 
circumference of the earth’s orbit. Now in this situation 
the additions and subtractions are not measured any more 
by the diameter DE, as they were at first, for since this di- 
ameter does not extend along the line of the annual mo- 

_ tion HL, but rather cuts it at right angles, D and E add and 
subtract nothing. 

The additions and subtractions must now be taken 
along that diameter which falls in the plane perpendicular 
to that of the earth’s orbit and cutting it in the line HL; let 
this be the diameter GF. The additive motion will then be 
made by the point G along the semicircle GEF, and the 
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subtractive motion will be the balance, along the other 
semicircle FDG. Now this diameter being not in the same 
line as the annual motion, HL, but cutting it as is seen in 
the point I (with the point G being elevated above and F 
depressed below the plane of the earth’s orbit), the addi- 
tions and subtractions are not determined by its entire 
length. Rather, they must be that fraction of it taken be- 
tween the parts of the line HL which are cut off between 
the perpendiculars drawn upon it from the points G and F, 
which would be two lines GS and FV. Hence the measure 
of the additions is the line SV, and this is less than GF 
or DE, which was the measure of the additions at the 
solstice A. 

According, then, to the placement of the center of the 
earth at any other point of the quadrant AI, we draw the 
tangent at such a point and drop perpendiculars upon it 
from the ends of the equatorial diameter determined by 
the plane through this tangent vertical to the plane of the 
ecliptic; and such a part of this tangent, which will be al- 
ways less toward the equinoxes and greater toward the sol- 
stices, will give us the magnitudes of the additions and 
subtractions. Then as to how much the least additions dif- 
fer from the greatest, this is easy to determine; between 
these there is the same variation as between the whole axis 
(or diameter) of the globe and that part of it which lies be- 
tween the polar circles. This is less than the whole diame- 
ter by one-twelfth, approximately, assuming that the 
additions and subtractions are made at the equator; in 
other latitudes they are less in proportion as their diame- 
ters are diminished. | 

That is all I can tell you about the matter, and perhaps 
it is as much as can be comprehended within our knowl- 
edge—which, as is well known, can be only of such con- 
clusions as are fixed and constant. Such are the three 
general periods of the tides, since these depend upon in- 
variable causes which are unified and eternal. But with 
these primary and universal causes there are mixed others 
which, though secondary and particular, are capable of 
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making great alterations; and these secondary causes are 
partly variable and not subject to observations (the 
changes due to winds, for example), and partly, though de- 
terminate and fixed, are not observed because of their 
complication. Such are the lengths of the sea basins, their 
various orientations in one direction or another, and the 
many and various depths of the waters. Who could possi- 
bly formulate a complete account of these except perhaps 
after very lengthy observations and reliable reports? With- 
out this, what could serve as a sound basis for hypotheses 
and assumptions on the part of anyone who, from such a 
combination, wished to furnish adequate reasons for all the 
phenomena? And, I might add, for the anomalies and par- 
ticular irregularities that can be perceived in the move- 
ments of the waters? 

I am content to have noticed that incidental causes do 
exist in nature, and that they are capable of producing 
many alterations; I shall leave their minute observation to 
those who frequent the various oceans. I merely call to 
your attention, in bringing this conversation of ours to a 
close, that the precise durations of the ebbing and flowing 
are changed not only by the lengths and depths of the 

_ basins, but I believe that noteworthy variations are also in- 
troduced by the juncture of various stretches of ocean 
which differ in size and in situation or, let us say, in orien- 
tation. Such a contrast occurs right here in the Adriatic 
Gulf, which is much smaller than the rest of the Mediter- 
ranean and is placed at such a different orientation that 
whereas the latter has its closed end in the eastern part at 
the shores of Syria, the former is closed at its western part. 
And since it is at the extremities that by far the greatest 
tides occur—aindeed, nowhere else are there very great ris- 
ings and fallings—it may very well be that the times of 
flood at Venice occur during the ebbings of the other sea. 
The Mediterranean, being much larger and extending 
more directly from west to east, in a certain sense domi- 
nates the Adriatic. Hence it would not be surprising if the 
effects that depend upon the primary causes were not ver- 
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ified in the Adriatic at the appointed times and corre- 
sponding to the proper periods, as well at least as they 
would be in the rest of the Mediterranean. But this matter 
would require long observations which I have not made in 
the past, nor shall I be able to make them in the future. 
SAGR. It seems to me that you have done a great deal by 
opening the first portal to such lofty speculations. In your 
first general proposition, which seems to me to admit of no 
refutation, you have explained very persuasively why it 
would be impossible for the observed movements to take 
place in the ordinary course of nature if the basins con- 
taining the waters of the seas were standing still, and that 
on the other hand such alterations of the seas would nec- 
essarily follow if one assumed the movements attributed 
by Copernicus to the terrestrial globe for quite other rea- 
sons. If you had given us no more, this alone seems to me 
to excel by such a large margin the trivialities which others 
have put forth that just to think of those once more makes 
me ill. And I am much astonished that among men of sub- 
lime intellect, of whom there have been plenty, none have 
been struck by the incompatibility between the recipro- 
cating motion of the contained waters and the immobility 
of the containing vessels, a contradiction which now seems 
so obvious to me. 
SALV. What is more to be wondered at, once it had oc- 
curred to the minds of some to refer the cause of the tides 
to the motion of the earth (which showed unusual perspi- 
cacity on the part of these men), is that in seizing at this 
matter they should have caught on to nothing. But this was 
because they did not notice that a simple and uniform mo- A simple 
tion, such as the simple diurnal motion of the terrestrial motion of 
é the terres- 
globe for instance, does not suffice, and that an uneven m0- trial globe 
tion is required, now accelerated and now retarded. For if is not suffi- 
the motion of the vessels were uniform, the contained wa- O°" "0 the 
ters would become habituated to it and would never make | tides 
any mutations. 
Likewise it is completely idle to say (as is attributed to 
one of the ancient mathematicians) that the tides are 


536 » The Fourth Day 


Opinion of 
the mathe- 
matician 
Seleucus 
criticized. 


Kepler re- 
spectfully 
reproached. 


caused by the conflict arising between the motion of the 
earth and the motion of the lunar sphere, not only because 
it is neither obvious nor has it been explained how this 
must follow, but because its glaring falsity is revealed by 
the rotation of the earth being not contrary to the motion 
of the moon, but in the same direction. Thus everything 
that has been previously conjectured by others seems to 
me completely invalid. But among all the great men who 
have philosophized about this remarkable effect, I am 
more astonished at Kepler than at any other. Despite his 
open and acute mind, and though he has at his fingertips 
the motions attributed to the earth, he has nevertheless 
lent his ear and his assent to the moon’s dominion over the 
waters, to occult properties, and to such puerilities. 

SAGR. It is my guess that what has happened to these 
more reflective men is what is happening at present to me; 
namely, inability to understand the interrelation of the 
three periods, annual, monthly, and diurnal, and how their 
causes may seem to depend upon the sun and the moon 
without either of these having anything to do with the 
water itself. This matter, for a full understanding of which 
I need a longer and more concentrated application of my 
mind, is still obscure to me because of its novelty and its 
difficulty. But I do not despair of mastering it by going 
back over it by myself, in solitude and silence, and rumi- 
nating on what remains undigested in my mind. 

In the conversations of these four days we have, then, 
strong evidences in favor of the Copernican system, 
among which three have been shown to be very convinc- 
ing—those taken from the stoppings and retrograde mo- 
tions of the planets, and their approaches toward and 
recessions from the earth; second, from the revolution of 
the sun upon itself, and from what is to be observed in the 
sunspots; and third, from the ebbing and flowing of the 
ocean tides. 

SALV. To these there may perhaps be added a fourth, and 
maybe even a fifth. The fourth, I mean, may come from the 
fixed stars, since by extremely accurate observations of 
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these there may be discovered those minimal changes that 
Copernicus took to be imperceptible. And at present there 
is transpiring a fifth novelty from which the mobility of the 
earth might be argued. This is being revealed most per- 
spicuously by the illustrious Caesar Marsili, of a most Caesar 
noble family at Bologna, and a Lincean Academician. He Marsili ob- 
explains in a very learned manuscript that he has observed ° ae 
a continual change, though a very slow one, in the merid-_ be in mo- 
ian line. I have recently seen this treatise, and it has much “™ 
astonished me. I hope that he will make it available to all 
students of the marvels of nature. 
SAGR. This is not the first time that I have heard mention 
of the subtle learning of this gentleman, who has shown 
himself to be the zealous protector of all men of science 
and letters. If this or any other of his works is made public, 
we may be sure in advance that it will become famous. 
SALV. Now, since it is time to put an end to our discourses, 
it remains for me to beg you that if later, in going over the 
things that I have brought out, you should meet with any 
difficulty or any question not completely resolved, you 
will excuse my deficiency because of the novelty of the 
concept and the limitations of my abilities; then because of 
the magnitude of the subject; and finally because I do not 
claim and have not claimed from others that assent which 
I myself do not give to this invention, which may very eas- 
ily turn out to be a most foolish hallucination and a majes- 
tic paradox. 
To you, Sagredo, though during my arguments you 
have shown yourself satisfied with some of my ideas and 
have approved them highly, I say that I take this to have 
arisen partly from their novelty rather than from their cer- 
tainty, and even more from your courteous wish to afford 
me by your assent that pleasure which one naturally feels 
at the approbation and praise of what is one’s own. And as 
you have obligated me to you by your urbanity, so Simpli- 
cio has pleased me by his ingenuity. Indeed, I have become 
very fond of him for his constancy in sustaining so forcibly 
and so undauntedly the doctrines of his master. And | 
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thank you, Sagredo, for your most courteous motivation, 
just as I ask pardon of Simplicio if I have offended him 
sometimes with my too heated and opinionated speech. Be 
sure that in this I have not been moved by any ulterior pur- 
pose, but only by that of giving you every opportunity to 
introduce lofty thoughts, that I might be the better in- 
formed. 

Simp. You need not make any excuses; they are superflu- 
ous, and especially so to me, who, being accustomed to 
public debates, have heard disputants countless times not 
merely grow angry and get excited at each other, but even 
break out into insulting speech and sometimes come very 
close to blows. ' 

As to the discourses we have held, and especially this 
last one concerning the reasons for the ebbing and flowing 
of the ocean, [ am really not entirely convinced; but from 

- such feeble ideas of the matter as J have formed, J admit 
that your thoughts seem to me more ingenious than many 
others I have heard. I do not therefore consider them true 
and conclusive; indeed, keeping always before my mind’s 
eye a most solid doctrine that I once heard from a most 
eminent and learned person, and before which one must 
fall silent, I know that if asked whether God in His infinite 
power and wisdom could have conferred upon the watery 
element its observed reciprocating motion using some 
other means than moving its containing vessels, both of 
you would reply that He could have, and that He would 
have known how to do this in many ways which are un- 
thinkable to our minds. From this | forthwith conclude 
that, this being so, it would be excessive boldness for any- 
one to limit and restrict the Divine power and wisdom to 
some particular fancy of his own. 

SALV. An admirable and angelic doctrine, and well in ac- 
cord with another one, also Divine, which, while it grants 
to us the right to argue about the constitution of the uni- 
verse (perhaps in order that the working of the human 
mind shall not be curtailed or made lazy) adds that we can- 
not discover the work of His hands. Let us, then, exercise 
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these activities permitted to us and ordained by God, that 
we may recognize and thereby so much the more admire 
His greatness, however much less fit we may find ourselves 
to penetrate the profound depths of His infinite wisdom. 
SAGR. And let this be the final conclusion of our four 
days’ arguments, after which if Salviati should desire to 
take some interval of rest, our continuing curiosity must 
grant that much to him. But this is on condition that when 
it is more convenient for him, he will return and satisfy our 
desires—mine in particular—regarding the problems set 
aside and noted down by me to submit to him at one or two 
further sessions, in accordance with our agreement. Above 
all, I shall be waiting impatiently to hear the elements of 
our Academician’s new science of natural and constrained 
local motions. 

Meanwhile, according to our custom, let us go and 
enjoy an hour of refreshment in the gondola that awaits us. 
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line 3 Pythagorean: Pythagoras, a semilegendary figure of the sixth cen- 
tury B.C., was credited by Copernicus with the suggestion of a heliocen- 
tric astronomy. Such a system was said to have been developed by 
Philolaus, a Pythagorean philosopher contemporary with Socrates. 
Modern scholars have shown that although the Pythagoreans supposed 
the earth to move, they did not attribute to ita motion around thesun and 
hence are not entitled to be considered forerunners of Copernicus. 

line 2 Peripatetics: The term applied to followers of Aristotle because of 
that philosopher’s custom of strolling about the Lyceum while dis- 
coursing with his disciples. The ensuing play on words here sets the tone 
for the entire Dialogue in dealing with the philosophers of Galileo’s day. 
line 32 Sagredo, born at Venice in 1571, was a pupil of Galileo’s at 
Padua and perhaps his closest friend. A confirmed bachelor, devoted 
to the enjoyment of life, he never tired of enjoining Galileo to take 
better care of his health and to stay out of trouble by keeping his dis- 
coveries to himself. His valued practical counsel stood Galileo in good 
stead, and he was frequently able to assist the scientist through his 
connections in high places. He was himself a competent scientific 
amateur who enjoyed constructing and manipulating experimental 
apparatus, was well schooled in philosophy, and was a brilliant con- 
versationalist. Sagredo served as intermediary between Galileo and 


~ Welser in the correspondence on sunspots (see pp. 60ff. and 401 ff. and 


the related notes). From 1608 to 1611 he served at Aleppo as consul of 
the Republic of Venice, and it is believed that Galileo might have 
remained at Padua if his friend had not received that appointment. 
Sagredo died in 1620. In the Dialogue he represents the educated 
layman for whose favorable opinion the two experts are striving. 

line 33 Salviati was born at Florence in 1582, of an ancient and noble 
family of that city. Little is known of his life. He is believed to-have 
studied under Galileo at Padua, and from Galileo he received nomi- 
nation to membership in the Lincean Academy (third note to p. 22). It 
was at his Villa delle Selve, near Signa, that Galileo wrote the text of 
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his Letters on the Solar Spots, which book was dedicated to Salviati; 
Galileo highly valued his hospitality at this quiet retreat and accom- 
plished much of his work there. Salviati died in 1614 during a sojourn 
in Spain, having gone there to recover his peace of mind after a hu- 
miliation at the hands of one of the Medici over a matter of prece- 
dence. In the Dialogue, Salviati represents Galileo himself as the 
expert in science. 

line 37 philosopher: The name given to this interlocutor is that of a fa- 
mous sixth-century commentator on the works of Aristotle. Doubt- 
less the character here portrayed represents a composite of the 
professional and amateur philosophers and literary men whom 
Galileo had encountered. The traditional story that Galileo intended 
Simplicio to represent Maffeo Barberini (Pope Urban VIII) cannot be 
supported. Such an act would have been a preposterous piece of inso- 
lence serving no purpose except malice, whereas good relations ex- 
isted between the two when the Dialogue was being written. Simplicio, 
of course, represents in this work the expert in philosophy and the 
adversary of Salviati. 

line 5 Aristotle, founder of the philosophy which dominated Western 
thought throughout the Middle Ages, was born at Stagira in 384 B.C. 


He was a pupil of Plato’s and the tutor of Alexander the Great. He 


died in 322 B.., leaving works on logic, metaphysics, and science 
which show him to have been one of the most astute and versatile ge- 
niuses of all time. 

line 5 Claudius Ptolemy, who flourished at Alexandria about A.D. 150, 
compiled in its definitive form the geocentric astronomical system of 
antiquity and contributed to it many concepts without which the rel- 
atively refined observations of his period could not have been recon- 
ciled with the assumption of a fixed earth. His doctrine required that 
all celestial appearances be accounted for by uniform circular mo- 
tions, as did Aristotle’s. 

Ptolemy’s system is expounded in the Almagest, which, together 
with the De Revolutionibus of Copernicus (see next note), has been 
translated into English in Great Books of the Western World, vol. 16 
(Chicago, 1952). In that translation Ptolemy’s preface has been 
counted as a chapter; citations of the Almagest in these notes are to 
Halma’s French text. 
line 6 Nicholas Copernicus was born in 1473 at Torun, in Poland. His 
great classic of astronomy, De Revolutionibus Orbium Coelestium, was not 
published until 1543, the first printed copy being placed in his hands 
on his deathbed. His system had been essentially completed thirty 
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years previously, and knowledge of the existence of his manuscript 
had spread among the learned; though he was repeatedly urged to 
publish it, his discretion long prevailed over all persuasion. A canon of 
the Church, he dedicated the work to Pope Paul III, and for more than 
seventy years no ban was placed upon it. Hostility to the Copernican 
system was at first more prevalent among Protestants than among 
Catholics, Luther in particular having condemned Copernicus as a 
madman. The Copernican system is briefly outlined on pp. 374-379. 
Like Ptolemy, Copernicus insisted upon perfectly circular motions for 
the planets, and was thereby forced to preserve some of the artificial 
devices which encumbered the geocentric systems; cf. note to p. 61 
and note to p. 74. 

line 14 invariant: Literally sinnplesible”; the concept is that of “inca- 
pable of playing the role of patient in any action.” The translation “in- 
variant” has been chosen in order to suggest something which remains 
constant under all attempts to influence or modify it. Where the 
antonym is required, the translation “variable” has been used in pref- 
erence to “variant,” since the latter term has a connotation of state 
rather than of potentiality. 

line 16 demonstrations: Cf. Aristotle, De CaeloI, 1, 268a, 7-20. The word 
“texts” which Simplicio uses here and elsewhere in citing references 
to Aristotle reflects the custom of commentators of the period. The 
standard modern notation is adopted in these notes. Except as other- 
wise indicated, all direct quotations from Aristotle have been taken 
from The Student's Oxford Aristotle, edited by W. D. (Sir David) Ross 
(Oxford University Press, 1942). 

line 31 ad pleniorem scientiam: “For a more complete knowledge.” This 
phrase was customarily used to introduce additional material after a 
sufficient proof of the point in question had been given. 

line 32 Perfect: In the Aristotelian philosophy the word “perfect” has 
the sense of “complete” rather than that of “supremely excellent,” but 
Galileo’s word perfetto was also in general use with the latter sense. 
Galileo was undoubtedly playing on this ambiguity in order to 
weaken Simplicio’s position in the minds of his readers. Hence any 
translation of the discussion on pp. 9—15 1s to some extent arbitrary 
and is likely to make the arguments appear capricious. 

line 4 text: De Caelo 1, 1, 268b, 3-9. * 

line 19 Senate: The anecdote occurs in Macrobius, Saturnalia, I, 6. Pa- 
pirius’s mother was told by him that the secret debate being held in 
the Senate concerned the question whether it would be better to allow 
one man two wives, or one woman two husbands. The natural result 


r 
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was a large and eloquent delegation of townswomen to argue for the 
latter alternative before an astonished Senate. 

line 35 realizing it: A reference to the Socratic doctrine that uncon- 
scious knowledge exists in the memory and may be drawn out by 
questioning; see also note to p. 221. 
line 4 etc: There is no abridgment of the text here; Galileo very fre- 
quently employs this method of abbreviation, preserved in this trans- 
lation as characteristic of the style of the original. 

line 3 elsewhere: This passage is rather confusing; it is precisely this 
definition which.Salviati has already used and which is given by Aris- 
totle in the very sentence containing his statement that all natural 
bodies are movable. (“All natural bodies and magnitudes we hold to 
be, as such, capable of locomotion; for nature, we say, is their princi- 
ple of movement.” De GaeloI, 2, 268b, 15-17.) The other definition oc- 
curs in Physica II, 1, 192b, 22-23: “Nature is a source or cause of [a 
thing] being moved and of being at rest in that to which it belongs pri- 
marily.” The idea behind Salviati’s argument is clear enough, but its 
expression remains puzzling; explanations offered by Favaro and by 
Strauss would remove only a part of the difficulty. The puzzle might 
be disposed of by transferring the word “elsewhere” to a place follow- 
ing the word “definition” in the next sentence. No authority exists for 
such a correction, but compare the end of Salviati’s speech on p. 36. 
line 7 contains: Cf. De Caelo III, 2, 301a, 5ff. 

line 8 disordering This argument is substantially that given by a 
nicus, De Revolutionibus, bk. i, ch. 8. 

line 12 Plato: The passage which Galileo probably had in mind sein 
in the Timaeus, 38-39, and commences: “Now, when all the stars . 
Here, however, Galileo has taken greater liberties with the prepens 
tion of Plato’s text. 

line 20 Academician: That is, Galileo; whenever he is referred to in the 
Dialogue, it is by this or a similar phrase. The Accademia dei Lincet 
(“academy of the lynxlike’—i.e., “sharp-eyed”) was a distinguished 
body of scientists and mathematicians founded at Rome in 1603 by 
Prince Cesi. Galileo became a member in 1611, an honor in which he 
took great pride. 

line 29 speed: Galileo’s word velocita lacks the technical character 
which the term “velocity” has in later physics; hence in this translation 
it has often been rendered by the word “speed.” Galileo’s parallel 
word tardita (here translated “slowness”) shows us how much his con- 
ception of motion was still hampered by certain ancient ideas about 
qualities and contraries. These are exemplified today in our speaking 
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of heat and cold as if they were two different sorts of things rather 
than arbitrary categories applied to measures of one physical entity. 
line 33 /Let any... the latter]: This passage (and all subsequent matter 
in the text enclosed in square brackets) did not appear in the original 
edition of the Dialogue, but was added by Galileo in his own copy of 
the first edition which is now in the library of. the Seminary of Padua. 
The text followed here is that of the definitive National Edition com- 
piled by Professor Favaro (Florence, 1897), where such additions by 
the author are adjoined as footnotes. 
line 29 yards: The braccio of Galileo’s time, though here Pgilited 
“yard,” was somewhat less than two feet. In order to avoid altering the 
numbers in the text or introducing unfamiliar units of measurement, 
arbitrary translations have been made of the names of units employed 
by Galileo. The resulting distortions of distance are of little impor- 
tance, since most of these terms occur only in illustrative examples. 
Fortunately the words “inch” and “mile” correspond rather well to the 
two Italian measurements used in the Dialogue which often refer to ac- 
tual distances. The following table, based upon information given by 
Strauss and Pagnini, will enable the reader to restore the original 
quantities when he so desires. 


ITALIAN APPROXIMATE VALUE TRANSLATION 
dito thumb’s breadth inch 
palmo four inches span 
pied eight inches foot 
braccto 21 to 22 inches yard 
canna 39 inches ell 
mighto 5;375feet mile 


line 38 impetus: For Galileo this was not a mathematically defined con- 
cept, but an intuitive idea of some quality possessed by a moving body 
and capable of being conserved or communicated to other bodies. 
Sometimes he speaks of “impetus” as though it were synonymous 
with “velocity,” but in those instances (e.g., p. 26) he is dealing with 
identical bodies or with bodies of equal mass. 

line 6 equal times: Physica VII, 4, 249a, 20. 

line 22 wonderful: (A lacuna occurs in the original edition in this pas- 
sage; the reading given here is based upon a grammatical alteration 
without the addition of conjectural words.) There is no sound basis for 
Galileo’s statement that a “truly wonderful agreement” had been 
found between actual observations and the calculations described by 
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him. The correct relation between the orbits and periods of the plan- 
ets had been given by Kepler; cf. Foreword, p. xxiii, and note to p. 312. 
Galileo’s mistaken belief that he had discovered such a relation as he , 
here describes may have originated in calculations made many years 
previously, before his realization that in uniformly accelerated motion 
the increments of velocity are proportional to the times. Newton, in 
the third of his four published Letters to Bentley, remarked that if the 
gravitational power of the sun were halved during the straight fall, 
and restored at the instant of orbital rotation, the effect described by 
Galileo would be realized. 

line 38 pulse beats: See second note to p. 259. 

line 28 uniform: Cf. Physica VII, 8, 265a, 34 ff. The ensuing passage is 
one of several in the opening section of the Dialogue which are often 
adduced to show the supposed inability of Galileo to throw off the 
spell of the “perfection of the circle”; cf. Einstein’s remark on p. xxv. 
Such passages may perhaps better be regarded as part of his strategy 
in neutralizing the hostility of Aristotelian opponents by utilizing 
their own arguments for cosmic circular motions. Elsewhere in his 
works he derided the notion that any geometrical figure was endowed 
with special physical qualities. It should be noted that the word /forze 
used here by Galileo is not intended to introduce the concept of 
forces, but rather that of the strengths of the “natural inclinations.” 
Galileo uses the words violenza and virta for external force or con- 
straint, a concept of which he had a clear (if intuitive) apprehension 
much too strong to be overcome by his adherence to certain mistaken 
ideas belonging to his predecessors; see p. 250 and note thereto. 

line 3 ortiz: Literally “orb”; a reference, not to the path of the moon as 
we think of it, but to the crystalline sphere in which the moon was 
supposed to be embedded (Foreword, p. xxiii). To use the translation ~ 
“orbit” seems preferable to requiring the reader to keep constantly in 
mind the old Ptolemaic concepts. “Arc of the moon’s orbit” (literally, 
“hollow of the moon’s orb”) is a frequently recurring phrase which 
refers to the supposed containing vessel of all elemental material. The - 


_ element of fire was supposed to go naturally straight up, but to be con- 


p. 38, 


fined by the sphere in which the moon was fixed. 

line 4 eadem est ratio totius et partium: “The reasoning which applies to 
the.whole applies also to the part.” De Caelo I, 3, 270a, 11. This axiom 
of Aristotle’s occurs also with various grammatical modifications 
adapting it to the contexts in which it appears. 
line 19 contra negantes principia non est disputandum: “One must not 
argue against him who denies axioms”; cf. Physica I, 2, 185a, 3. 
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Salviati’s arguments which provoke this utterance are essentially 
those of Copernicus as given in bk. i, chs. 8 and 9, De Revolutionibus. 
line 3 per accidens: “Merely by coincidence.” Cf. De Caelo II, 14, 296b, 
15-16. 

line 11 Aristotle writes: Cf. De Caelo 1, 3, 270a, 14-17. Here the transla- 


» tion is from Galileo’s Italian paraphrase. 


p- 49, 


p. 55, 


p-. 5 9, 


line 24 sorites: The word cornuto has been translated “forked” rather 
than “horned,” because of the association in English between the lat- 
ter term and the dilemma. As Strauss remarks, the Cretan paradox is 
no sorites; he calls it a Scheinbeweis (pseudoproof), in admirable antic- 
ipation of modern logicians. The name “sorites” properly belongs to 


the chain argument, in the classic example of which one disproves the 


existence of a heap of wheat by removing one grain at a time as in- 
consequential to the heap. 

line 2 heaviness: In order to avoid suggesting that Galileo had antici- 
pated the Newtonian implications of the word “gravity,” the word 
gravita has been translated “heaviness” where the idea of cause is in- 
volved (with one or two necessary exceptions). Where the word is used 
as the name of a quality only (for instance, when used in opposition to 
“levity”), the word “gravity” is employed as the English translation. 
line 28 vare: A lacuna occurs in the Italian text here, which has been 
removed by altering the grammar of the sentence. Concerning Cre- 
monino, who is mentioned in the margin, see note to p. 80 and note to 
p. 130. 

line 28 Abila and Calpe were the ancient names of the Pillars of Her- 
cules; Abila is a hill in North Africa near Ceuta, and Calpe is the Rock 
of Gibraltar. The legend mentioned exists in two forms. This one is 
Pliny’s, whereas Strabo has it that the Mediterranean already existed 
as an inland sea when the Atlantic Ocean broke through. 


‘line 35 new stars: Novas of great brilliance (supernovas) appeared in 


1572 and 1604. The former appeared in Cassiopeia and is known as 
“Tycho’s star”; it was so bright that it remained visible in broad day- 
light for several weeks, and by night for eighteen months. The nova of 
1604 was in Serpentarius, though Galileo in the Dialogue consistently 
refers to it as having been in Sagittarius. 

line 13 Anti-Tycho: A book by Scipio Chiaramonti (1565~1652) which 
was published in 1621. Galileo, who was not an admirer of Tycho, 
praised the book in his Saggiatore of 1623. Kepler predicted that 
Galileo would come to regret any endorsement of Chiaramonti, as in- 
deed he did; see pp. 324-370. 

line 24 Tycho Brahe (1546-1601), a Dane, is often called the first truly 
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modern astronomer because of the extensiveness and accuracy of his 
observations as well as the painstaking skill with which he designed, 
constructed, and manipulated his large and costly instruments. His 
anti-Ptolemaic theory was still geocentric; he had the planets revolve 
about the sun, which in turn went around the earth: 

Apropos of the seeming oddity of referring to Tycho by his given 
name it may be remarked that the same is true of Galileo, whose fam- 
ily name was Galilei. The Italians generally refer to their greatest men 


‘in this manner, for example Dante (Alighieri), Leonardo (da Vinci), 


and Michelangelo (Buonarroti). 

line 10 ¢elescope: The story of Galileo’s construction of the first tele- 
scope ever applied to astronomical observations seems worth repeat- 
ing here in his own words. 

“About ten months ago a report reached me that a Dutchman had 
constructed a telescope, by the aid of which visible objects, although 
at a great distance from the eye of the observer, were seen distinctly as 
if near; and some proofs of its most wonderful performances were re- 
ported, which some gave credence to, but others contradicted. A few 
days after, I received confirmation of the report in a letter written 
from Paris by a noble Frenchman, Jacques Badovere, which finally de- 
termined me to give myself up first to inquire into the principle of the 
telescope, and then to consider the means by which I might compass 
the invention of a similar instrument, which after a little while I suc- 
ceeded in doing through deep study of the theory of refraction; and I 
prepared a tube, at first of lead, in the ends of which I fitted two glass 
lenses, both plane on one side, but on the other side, one spherically 
convex and the other concave.” 

This account was given in his Sidereus Nuncius( The Sidereal Messenger), 
first published in March, 1610; the above translation is by E. S. Carlos 
(London, 1880). In // Saggiatore, published thirteen years later, Galileo 
asserted that a single day had sufficed him to reason out the conditions 
necessary for magnification to be produced by such an instrument. Cf. 
Discoveries and Opinions of Galileo (New York, 1957), pp. 28-29, 244. 
line 14 spots: Galileo may have been the first to observe sunspots, 
though this is dubious. He was certainly anticipated by Johann Fabri- 
cius and by the Jesuit father Christopher Scheiner in publishing on the 
subject. The former’s announcement (De Maculis in Sole... , Witten- 
berg) appeared in June, 1611, though neither Scheiner nor Galileo 
seems to have seen it. Scheiner’s first publication took the form of 
three letters addressed to Mark Welser, prefect of Augsburg, early in 
1612, under the pseudonym Apelles latens post tabulam. Welser sent these 
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to Galileo for comment; see pp. 401 ff. Galileo’s three answering letters 
were published by the Lincean Academy under the title Istoria e Di- 
mostrazioni alle Macchie Solari... (Rome, 1613), mentioned on page 403. 
An abridged English translation appears in Discoveries, pp. 89-144. 
line 24 separate: Although this passage appears as a direct quotation in 
the original, it appears rather to be a rough summary by Galileo of the 
views published by Scheiner in his letters to Welser, mentioned in the 
preceding note. 

p- 61, line 1 eccentric: The Ptolemaic theory made use of two devices for 
providing the supposedly circular orbits of the sun, moon, and planets 
with appropriate irregularities so that they might correspond with ac- 
tual observations. One of these was the epicycle (note to p. 74), and 
the other was the eccentric. The latter provided for circular orbits 
with the earth displaced from their precise centers. This arrangement 
was particularly well adapted to account for the apparent motion of 
the sun. The combination of epicycles with eccentrics resulted in 
three types of “center” in the Ptolemaic system: the center of the uni- 
verse, at which the earth was located; centers of deferents (eccentric 
circles carrying epicyclic centers); and centers of “equants,” from 
which the motion was uniform and circular. By the accumulation of 
such makeshifts it was possible to perform accurate calculations and 
predictions, though only very laboriously. Meanwhile these complica- 
tions stood in the way of any rational celestial mechanics. Copernicus 
felt the equant to be an improper device because it produced circular 
motion nonuniform with respect to its true center; he therefore re- 
stricted himself at first to combinations of epicycles but later intro- 

- duced eccentrics as well. 

p. 63, line 27 argument: See also p. 36; cf. De generatione animalium Iil, 10, 
760b, 31. 

p. 69, line 24 natura nibil frustra fact: “Nature does nothing uselessly.” 
Galen, De usu partium, x, 14. 

p. 74, line 38 epicycle: (See also note to p. 61.) To account for the fact that the 
planets appeared from time to time to stop and turn back in their mo- 
tions (as shown on pp. 397 ff.), Ptolemy provided the planetary orbs 
with subsidiary orbs which rotated as they were carried around. In 
such a framework the entire surface of the planet would of course 
pass before the eyes of an external observer. Ptolemy called these sub- 
sidiary orbs “epicycles”; Copernicus attributed to the moon not 
merely one, but two epicycles, the center of one being located on the 
circumference of the other. 

p- 75, line 11 Contraterrenes: The Pythagoreans held that the earth had an 
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p. 76, 


p. 79, 


p- 80, 


p. 81, 


exact counterpart which revolved about the “central fire” in such a 
way as never to be seen by us; cf. De Caelo I, 13, 293a, 20 ff. 

line 7 meridian: Literally, “in this or that belly of its dragon.” The path 
of the moon is tilted with respect to the ecliptic by some five degrees, 
hence its course among the stars appears to undulate. This suggested 
to the ancients the idea of a dragon; they placed the head and tail of 
the dragon at what are now called the moon’s nodes (the points where 
its orbit cuts the ecliptic). Its most northerly position was called the 
upper belly of the dragon, and its most southerly position the lower 
belly. 

line 10 /ight The secondary light of the moon had been observed and 
partly explained by Leonardo da Vinci, though not in any work that 
had been published at that time. It is of interest to compare 
Leonardo’s remarks with those of Galileo; the former made the com- 
mon error of supposing the principal reflection to come from our 
oceans. See The Notebooks of Leonardo da Vinci, ed. Edward MacCurdy 
(New York, 1939), pp. 295-296. : 
line 18 Aardness: Strauss remarked that he had never been able to find 
this view set forth in any published work of Aristotle, though it was 
generally held by the later Peripatetics to be a necessary consequence 
of his system. In this connection De Caelo II, 7, 289a, 12—16 and II, 9, 
291a, 18-22 are possibly of interest. Salviati has voiced his opinion on 
p. 60; see also pp. 139, 514. Sagredo has presented the Peripatetic ar- 
guments on p. 48. 

line 3 Padua: Cesare Cremonino, a famed exponent of Aristotle and 
the leading authority of his time on Alexander of Aphrodisias (Sicily), 
the latter having been a noted third-century Peripatetic philosopher. 
Cremonino was several times under suspicion of heresy, and in a 
memorandum of the Inquisition his name was mysteriously linked 
with Galileo’s when the former was being investigated in 1611. The 
records of Cremonino’s interrogation by this body appear not to be 
available. Galileo was for the most part on good terms with Cremonino 
personally, though they were diametrically opposed intellectually. 
line 34 // Saggiatore (The Assayer): Galileo’s celebrated reply to his op- 
ponents, and.-in particular to Father Grassi. It was published in 1623, 
and was a devastating conclusion to the long controversy about the 
nature of comets. At the same time it set forth the philosophical basis 
of experimental science, explained many of Galileo’s discoveries and 
views, and won him widespread acclaim and support. Lettere Solari 
refers to Galileo’s book on the sunspots published in 1613; cf. second 
note to p. 60. An English translation of The Assayer appears in abridged 


p- 86, 


p. 88, 


p. 94, 


p. 103, 
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form in Discoveries, pp. 231-280, and in complete form in The Contro- 
versy on the Comets of 1618 (Philadelphia, 1960), pp. 151-336. 

line 17 activity: Here, as in several other places, no source has been 
identified for the passage cited by Galileo as a direct quotation. Be- 
cause of Galileo’s inclination to paraphrase freely when quoting, it is 
often difficult to ascertain his sources. 

line 6 invisible: It is of interest to note that the phenomenon here de- 
scribed by Galileo has been advanced to account for a new anomaly 
observed in the skies. The planet Pluto presents such a small visual di- 
ameter that its known mass would require it to have an impossibly 
high density. Sir James Jeans suggested that this might be an instance 
of specular reflection; that is, the visibility of only a small portion of 
the entire surface because of extreme smoothness. 

line 25 more vividly: This phrase was substituted by Galileo in his own 
copy for the expression “greater light” in the original edition, and the 
end of the preceding speech was similarly altered. 

line 4 tenebrae sunt privatio luminis: “Darkness is the absence of light.” 
Cf. De anima Il, 7, 418b, 18 ff. 

line 28 forty times: This is an odd remark for Galileo to make, since he 


_ understood perfectly well that the ratio of surfaces rather than of vol- 


p. 105, 


umes should be used for this purpose; cf. p. 76. The correct figure is 
about fourteen times. 

line 17 theses: Disquisitiones mathematicae de controversiis ac novitatibus as- 
tronomicis (Ingolstadt, 1614). A book written at the instigation of 
Scheiner (second note to p. 60) by his pupil Locher. This book looms 
large in the discussions of the Second Day. It was written at a time 
when Galileo was still on good terms with Scheiner and before he had 
antagonized the Jesuits in the literary feud which commenced in 1619 
and was waged over the comets of the previous year. 

line 28 Cleomedes was editor of a compendium of Greek works under 
the title Cyclica consideratio meteorum (1539). 

line 29 Vitellio (Witelo) was the author of a classic treatise on per- 
spective; of Polish origin, he lived in Italy toward the end of the thir- 
teenth century. 

line 29 Macrobius was a cael Roman philosopher and the 
author of a commentary on Cicero’s Somnium Scipionis containing the 
idea here mentioned. 

line 29 4 modern: Franciscus Aquilonius, who had published a treatise 


"on optics in 1613 in which Kepler's fundamental work published in 


p. 110, 


1604 was completely ignored. : 
line 17 classic spots: Literally, “antique spots.” Describing his first tele- 
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scopic discoveries, Galileo had written: “Now those spots which are 
fairly dark and rather large are plain to everyone and have been seen 
throughout the ages; these I shall call the ‘large’ or ‘ancient’ spots, dis- - 
tinguishing them from others that... had never been seen by anyone 
before me.” (Discovertes, p. 31.) 

p. 113, line 29 such thing? This question was omitted from the first edition of 
the Dialogue by mistake and was subsequently supplied on an erratum 
slip. The slip is lacking in Galileo’s copy, and in restoring the question 
to the text he added the preceding observation. 

p. 118, line 10 dove of Archytas: A celebrated automaton of antiquity, con- 
structed by a Pythagorean famous as a statesman, mathematician, as- 

; tronomer, and skilled artisan. 

p- 119, line 1 propositions: Despite their innocuous character, these passages 
were seized upon as one of the textual points offensive to the Church. 
The commission appointed by thé Pope to examine the Dialogue noted 
eight such points which may be stated briefly as follows: 


1. That the imprimatur of Rome was put on the title page without proper 
authority. 

2. That the preface was printed in different type and thus vitiated, that the 
closing argument was put in the mouth of a simpleton, and that it was 
not fully discussed. 

3. That Galileo often treated the motion of the earth as real and not hypo- 
thetical. 

4. That he treated this subject as undecided. 

5. That he contemned opponents of the Copernican opinion. 

6. That he asserted some equality between the Divine and the human 
mind in geometrical matters. 

7. That he represented it to be an argument for the truth that Ptolemaics 
become Copernicans, but not vice versa. 

8. That he ascribed the tides to motion of the earth which was non- 
existent. 


p. 123, line 18 quintessence: A fifth substance as distinguished from the four el- 
ements (earth, water, air, and fire). Celestial bodies were supposed to 
be composed of this unearthly substance, called aither by Aristotle; cf. 
De CaeloI, 3, 270b, 21-25. 

p. 126, line 10 method: Literally “the disturbed method,” referring to the so- 
called disturbed proportions of Euclid (Elements, bk. v, especially Def. 
18 and Prop. 22). Here Simplicio ostentatiously shows off his mathe- 
matical vocabulary with ludicrous irrelevance. 


“Speieg; 


Dp 123 


p. 1335 
p. 137, 


p. 138, 


p. 141, 


p. 143, 


p. 143, 


p. 147, 
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line 11 place: De generatione animalium V, 1, 780b, 21. 

line 24 Foachim: A Cistercian bishop of the twelfth century whose 
works were generally assigned a prophetic significance; cf. Dante, Par- 
adiso xii, 139-141. In this and the ensuing passages Galileo exhibits a 
freedom from superstition which was rare indeed for his time. Kepler 
himself subscribed to certain doctrines of astrological prediction, and 
even Newton occupied much of his life in alchemical investigations. 
line 38 Alexander: A noted Aristotelian philosopher and commentator 
who flourished about A.D. 200. Strauss considered it likely that Penda- 
sio (d. 1603) was the philosopher who wrote the letter referred to, and 
cited also F. Fiorentino’s conjecture that this was Zabarella (d. 1589). 
It is not impossible, however, that the philosopher may have been 
Cremonino (see notes to pp. 80, 372), whose dates, principal studies, 
dialectical skill, and known intellectual cynicism all accord well with 
such a possibility. 

line 7 writer: Cf. De Caelo II, 13, 293b, 31 ff. 

line 18 are: The sense of this sentence is made clearer by inserting at 
this point the words “opposite but.” 

line 3 Jupiter: Galileo discovered four of Jupiter's satellites and named 
them the “Medicean stars” in honor of the Grand Ducal family of 
Tuscany. This discovery was of great importance in undermining the 
Aristotelian doctrines and in lending plausibility to the Copernican 
theory in the minds of Galileo’s contemporaries. 

line 22 years: Copernicus calculated the precession of the equinoxes 
to have a period of 25,816 years; the ancient estimate had been 36,000 
years. Cf. De Revolutionibus, bk. iii, ch. 6. 

line 27 primum mobile: The highest sphere in the ancient cosmology, 
lying beyond that of the fixed stars. It was supposed to revolve in 
twenty-four hours, sweeping along with it the fixed stars and (against 
their supposed natural tendency) the planets and the moon, cf. p. 136. 
line 35 frustra fit per plura quod potest fieri per pauciora: “\t is pointless to . 
use many to accomplish what may be done with fewer”; cf. p. 136. 
line 38 aeque bene: equally well. This passage and the ensuing reply ap- 
pear to have been inserted to answer Christopher Clavius (see note to 
p. 418), who inserted the phrase in question before giving his critique 
of Copernicus; cf. Clavius, Jn Sphaeram loannes de Sacrobosco (Rome, 
1581), pp. 434 ff. 

line 28 refutations: Cf. De Caelo Il, 14, 296a, 27—296b, 12. The transla- 
tion in the text is from Galileo’s Italian paraphrase. 

line 4 point-blank: That is, without elevating or cepressiag the gun 
with respect to the horizon. 
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“p. 148, 


p- 156, 


p- 158, 
p- 162, 


p. 163, 


line 37 Wursteisen: Born in 1544 at Basle, Christian Wursteisen died in 
1588, making it most unlikely that Galileo was indebted to him for his 
first acquaintance with the Copernican doctrine, as some writers have 
inferred. He was the author of acommentary on Peurbach’s Theory of the 
Planets containing passages which probably led Galileo to believe him a 
Copernican. Since the story is here placed in Sagredo’s mouth rather 
than Salviati’s, and since not even Sagredo claims to have heard the lec- 
tures, there is no reason to suppose this account autobiographical. 

line 11 natural: The argument as given here lacks a premise to the ef- 
fect that all natural motions are (at least potentially) eternal. Salviati 
seems to be leaning on the last clause of his preceding speech for this 
premise, which no astute Aristotelian would have granted; he pro- 
ceeds to equivocate over the use of the word “eternal,” and when Sim- ~ 
plicio (rather poorly) states its ii use, accuses the latter of 
his own equivocation. 

line 26 paragraph 97. (See first note to p. 10.) De Caelo II, 14, 296a, 34 ff. 
line 32 petitio principi: “begging the question.” The name of a formal 
fallacy in logic, consisting of pai the very thing that is to be 
proved. 

line 2 ignotum per aeque ignotum: “The unknown by means of something 
equally unknown.” 

line 6 middle term:In Aristotelian logic, that term which is used in each 


_ of the two premises but which is absent from the conclusion. 


p- 170, 


p. U7i, 


line 14 vires acquirunt eundo: “Gain strength as they go.” The phrase al- 
ludes to Virgil’s famous passage about gossip (Aeneid, iv, 175). 

line 14 happen: Apparently referring to the discussion on p. 25. This 
speech of Simplicio’s seems unnecessarily stupid, but perhaps the real 
intent was to emphasize the insistence of philosophers upon reason- 
ing out even the most commonplace phenomena of observation. 

line 30 boundless: This completes the statement of Galileo’s inertial 
law, partly anticipating Newton’s First Law of Motion; see further, 
note to p. 165. 

line 38 spontaneously: Since the concept of “natural” as against “forced” 
(forcible, constrained) motion frequently recurs in the Dialogue, a clar- 
ifying passage may be quoted from Aristotle: “But since ‘nature’ 
means a source of movement within the thing itself, while a force is a 
source of movement in something other than it or in itself gua other, 
and since movement is always due either to nature or to constraint, 
movement which is natural, as downward motion is to a stone, will be 
merely accelerated by an external force, while an unnatural move- 
ment will be due to the force alone.” De Caelo III, 2, 301b, 17-23. 


p. 174, 


p. 182, 


p. 183, 


p. 186, 


pice 


p. 190, 


p. 191, 


p. 192, 
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line 33 non entium nullae sunt operationes: “The nonexistent performs no 
actions.” 

line 33 hoops (ruzzole): Not literally hoops, but wooden discs about six 
inches in diameter and one inch thick, rolled on the ground either by 
hand or by strings wound around them by the players. 

line 12 Socrates's: Socrates spoke of the source of his inspiration as his 
“demon.” Sagredo amusingly develops his riposte by offering to be a 
source of inspiration to Simplicio through use of the Socratic method 
of questioning. 

line 34 square ones: Mechanica, ch. 8, 851b, 15 ff. This work is not gen- 
uinely Aristotle’s, though attributed to him traditionally. 

line 34 marbles (chiose): Salasbury states that chiosa was the name of a 
game played by rolling bullets down a slanted rock. Strauss follows 
Favaro in describing chiose as rounded lead objects molded by children 
for use as play money and the like. . 

line 15 tennis players: The Italian tennis prevalent in Galileo’s day, and 
said to have been still popular at the close of the nineteenth century, 
was played with a much larger ball than ours, between two teams of 
indefinite but equal number, on a large court with a center stripe but 
without a net. 

line 25 bowlers: Here the reference is to the national game of Italy, 
called doccte (or bocce) ball. It is very similar to lawn bowls except that 
the playing ground may be quite irregular and rough, or may be in- 
doors. The “given mark” is the pa/lino, a small ball which is first to be 
bowled in each round. 

line 32 motion: De motu naturaliter accelerato, which appeared in the Dis- 
corst e Dimostraziont Matematiche intorno a due Nuove Scienze (Leyden, 
1638), but was probably in essentially final form by 1609. An English 
translation occupies pp. 160 ff., Dialogues Concerning Two New Sciences 
(New York, 1914; English translation by Crew and de Salvio). 

line 9 Archimedes, the greatest of ancient mathematicians and the 
founder of mechanics, died 212 B.c. See further, second note to p. 237. 
The work here referred to is De /ineis spiralibus. 

line 14 straight one: The ensuing demonstration, despite its errors, is of 
particular interest in the light of later discussion of the same problem, 
treated at length by Alexandre Koyré in A Documentary History of the 
Problem of Fall (Philadelphia, 1955). Koyré was unwilling to accept 
Galileo’s disclaimers in the text and in his subsequent correspondence 
which indicate that Galileo did not take the speculation very seriously. 
The implication that the body would come to rest at the center cer- 
tainly contradicts the passages on pp. 25—26 and 263 relating to bodies 
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p. 193, 


p. 202, 


p- 204, 


p. 206, 


p. 209, 


falling through a tunneled earth; and the implication of a circular in- 
ertia which would justify the use of equal arcs CF, FG, etc. as mea- 
sures of the stone’s travel during equal times contradicts the 
discussion of the tangential character of inertial motions a few pages 
later, where even Simplicio accepts that view (p. 223). On the other 
hand, this speculation is remarkable as an attempt by Galileo to gen- 
eralize his principle of the relativity of motion (pp. 132, 217, 288) and 
to treat the behavior of a body at rest on a rotating tower as equivalent 
to that of an unsupported projectile given equal motion at the outset. 
It is likely that in this speculation, Galileo first reached his three con- 
clusions (equality of speed, shape of path, and uniformity of motion) 
and then attempted to construct a demonstration to fit them. Since it 
did not quite come off, he presented it as a diversionary “play within a 
play” and spoke of the results as “curiosities.” When the French math- 
ematician Pierre Fermat criticizéd the passage and remarked that the 
line should be a spiral, Galileo replied (through Fermat's pupil and 
friend Pierre Carcavy) that his argument was not intended seriously, 
and that in any case the path of a falling body near the earth would be 
parabolic, as he later demonstrated (‘Two New Sciences, pp. 244 ff). 

line 7 prettier: This remark, though based upon an erroneous demon- 
stration, is particularly noteworthy for the light it throws on the deep- 
est scientific predilections of the author. Galileo’s attempt thus to 
discover an equivalence among “natural” motions is a philosophical 
anticipation of the elimination of the old concept of gravitational 
“force” in modern physics. 

line 6 ingenious: Clement Clementi, Enciclopaedia amplissimo ... (Rome, 
1624). As the marginal note indicates, the remark is sarcastic, the 
“handbook” was a large quarto, and its contents were not conclusions 
but philosophical disputations compiled by a verbose Jesuit. 

line 4 piece: An enormous advance in physical thought is represented 
by this separation of motions and by the discovery that analysis could 
treat each motion as independent of and inoperative upon the other. 
When Salviati later objects, he is merely voicing the prevailing 
thought among philosophers and physicists. Sagredo’s rejoinder em- 
bodies an outstanding point in the Galilean revolution in physics. 
line 30 problem: Salviati’s errors here appear to have been intentionally 
put in by Galileo, since he has Sagredo correct many of them in his 
next speech. 

line 20 carry true: This passage is usually regarded as further evidence 
that Galileo considered the inertial path of the ball to be circular, but 
it is more likely that he had in mind the analogies of the musket and 


p. 210, 


p. 214, 


p. 212, 


- —p.218, 


p. 221, 


p. 226, 
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the quadrant aboard ship (pp. 289-290, 435) and the composition of 
motions in a moving gun (pp. 203-205). Salviati, in the preceding sen- 
tence and the ensuing attempt to prove that the error could not be de- 
tected by measurement, assumes a tangential path for the shot. 

line 8 500 yards: Obviously only the roughest approximation is made 
here, and the rest of the demonstration is quantitatively worthless, 
though it serves to indicate that the deviation would be small. By his 
initial assumption that the experiment takes place at the equator, 
Galileo pretends to give his opponents an advantage in the maximum 
linear speed of the earth. His own subsequent reasoning vitiates this 
“advantage,” and shows that he merely wished to make an approxi- 
mate calculation which would not be valid where any appreciable 
curvature of the earth was involved. 

line 11 chords: By “chord” is meant double the sine of half the angle. 
The tables referred to occur at the end of De Revolutionibus, bk. i, ch. 12. 
line 7 Jow: In the original edition the words “high” and “low” are re- 
versed, and the error remains uncorrected in Galileo’s copy. The 
sense of Sagredo’s remark is that if existing gunners were to shoot on 
a stationary earth, the habits they had formed under actual conditions 
would betray them. Clearly the author had misgivings about his pre- 
vious “proof” (p. 210) that there would be no difference in the two 
cases. 

line 36 Ptolemy: This argument is cited = Copernicus (De Revolution- 
ibus, bk. i, ch. 7, last paragraph) as being Ptolemy’s. But Copernicus was 
actually paraphrasing Ptolemy so as to bring into this argument from 
centrifugal action certain consequences which Ptolemy (Al/magest, bk. i, 
ch. 6, second paragraph; tr. Halma, Paris, 1813) attributed only to a 
freely falling earth. Many subsequent authors, perhaps relying on 
Copernicus, ascribe the argument to Prolemy at least by implication; 
e.g., Alisandro Piccolomini, De /a sfera del mondo (Venice, 1559, f. 16 
recto), and Francesco Giuntini, La sfera del mondo (Lyons, 1582, p. 115); 
Strauss cites in this connection Maestlin, Epitome astronomica (Heidel- 
berg, 1582). 

line 34 nostrum scirve sit ulon reminisci: “Our knowledge is a kind of 
recollection.” This Socratic doctrine is a recurrent theme in Galileo’s 
dialogues as well as in Plato’s. 

line 13 /eave it: Pagnini considers this passage to reveal a step of con- 
siderable importance toward the application of the laws of heavy 
bodies to the principles of celestial mechanics. Even though Galileo 
was prevented from going farther by his error in supposing that no 
tangential velocity could overcome any centripetal attraction (see 
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note to p. 233), he still might have deduced the idea of an orbit from a 
composition of the “natural tendency to move toward the center” and 


_the “impetus to move along the straight oe mentioned in the 


pe22% 


p. 230, 


pp. 252, 


p. 233, 


preceding speech. 

line 11 ad destruendum sufficit unum: “A single instance is sufficient for 
disproof.” 

line 36 tangent It is very curious that just when his supposed theory of 
circular inertia (cf. note to p. 192) would have been a useful thing for 
him to invoke, Galileo commenced instead to speak of a tangential 
impulse. Happily, the difficulties thus created stimulated his ingenu- 
ity to produce an analysis which proves that his mathematical insights 
were of the highest order. The whole spirit of the ensuing discussion 
is precisely that of the calculus, despite its shortcomings from the 
standpoint of physics. 

line 36 diminution: Weight has nothing to do with the matter, as 
Salviati later points out (p. 235). But since the prevailing view was 
Aristotle’s (second note to p. 234), it was necessary to raise this ques- 
tion and treat it seriously. 

line 32 times: Strauss remarks that this probably is the first scientific 
attempt to use the abscissae and ordinates of a single diagram explic- 
itly for magnitudes of two different sorts (time and velocity). This fact 
alone would place the Dialogue in the highest rank of scientific impor- 
tance. The subsequent use of this same diagram to represent spaces of 
fall (and presumably of horizontal motion) on p. 233, however, results 
in serious confusion. 

line 22 whatever: In this discussion Galileo once more shows his math- 
ematical insights to be of the highest order though he errs in the ap- 
plication of them. His analysis is ingenious and approximately right 
so far as it concerns the relative diminutions with respect to time of 
the space traversed and the velocity achieved by a falling (acceler- 
ated) body. But the tangential velocity—the centrifugal component— 
is not similarly accelerated; it has an instantaneous and constant value. 
In making Simplicio fix a value for the relation of the tangential ve- 
locity to the velocity of fall, Salviati stumbles into the error of treat- 
ing the former as a function of the latter, whereas it is in fact quite 
independent. To put the matter another way, what Salviati does is to 
seek an elapsed time so small that the ratio which Simplicio has sup- 


‘plied will be inadequate for its intended purpose. This leads him di- 


rectly into the confusion mentioned in the preceding note. Had 
Simplicio imposed a ratio specified as existing between the two veloc- 
ities at a given instant, or had he simply supplied a large and arbitrary 


Notes for pages 233-248 - 559 


velocity for the motion along the tangent without reference to that of 
falling, Salviati would have been forced to face the actual physical 
problem involved. (In the related diagram [p. 231] it should be re- 
marked that point M does not lie on the arc but is merely utilized to 
identify it because of its accidental proximity. It should also be re- 
marked that the “parallels” KL, HI, etc. should really be directed to- 
ward the center of the circle, but are here shown as in the original; 
although Salviati uses the word “wheel” twice in the discussion, he is 
obviously thinking of fall to the earth, and considers the centripetal 
lines as parallel.) 

p. 234, line 27 sangent: The original edition has the word “secant” in this 
place. This obvious slip, noted by Favaro, remained uncorrected in 
Galileo’s copy. 
dine 31 weights: Physica IV, 8, 216a, 12-16. Galileo is said to have refuted 
this by the classical experiment of dropping very unequal weights 
from the Leaning Tower of Pisa. No less interesting is his logical 
“proof” that Aristotle was in error. This will be found in Two New Sci- 
ences, pp. 62 ff; it was partly anticipated by J. B. Benedetti (1530-1590). 

p- 236, line 14 sphaera tangit planum in puncto: “The sphere touches a plane in 
one point.” The ensuing discussion is an episode in the age-old con- 
troversy between philosophers, mathematicians, and scientists, touch- 
ing the true role of mathematical reasoning. 

p. 237, line 32 Peripatetic: The fallacious proof here discussed had been set 
forth by Francesco Buonamico of Pisa, one of Galileo’s early teachers. 
Cf. Giovanni Barenghi, Considerazioni sopra il Dialogo (Pisa, 1638), p. 11. 
line 38 prove: Galileo’s admiration for Archimedes was boundless. 
When he himself once succeeded in reconstructing what was probably 
a method used by the ancient mathematician, he adopted a very differ- 
ent attitude from that of Simplicio’s Peripatetic. This was in one of his 
earliest papers, La Bilancetta, inventing the hydrostatic balance. There 
Galileo begins by remarking that no one who has read “the writings of 
that divine man (which moreover are extremely easy to understand, so 
that all other geniuses are inferior to that of Archimedes)” would ever 
believe that the crude device traditionally ascribed was actually his 
method of detecting the imposture of the goldsmith who alloyed the 
gold in Hiero’s crown. In place of the clumsy traditional method, 
Galileo offered an elegant and exact solution worthy of Archimedes, 
based upon principles and theorems announced by the latter. 

p. 241, line 28 sphaera aenea, etc: A bronze sphere, etc; cf. note to p. 236. 

p. 248, line 17 upward: This remark is at least a partial adumbration of New- 
ton’s Third Law of Motion. 
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p249; 


p- 250, 


p2ok 


p. 252, 


p- 253, 


p. 254, 


p- 255, 


p. 257, 


p- 259, 


line 7 effect: This observation, which casts some light upon Galileo’s 
methods of reasoning in physics, is also of interest as an anticipation 
of one of J. S. Mill’s canons of inductive logic (the so-called Method 
of Difference); in the second paragraph of p. 517 Galileo sets forth an- 
other (the Method of Concomitant Variations). 

line 19 single unit: This paragraph shows that Galileo recognized the 
product mass X velocity as a measure of impulse, his only concept of 
mass being that of weight. A hint of the concept of force as the product 
of mass and acceleration may also be seen here, if we are liberal in in- 
terpreting the ideas of “resisting restraint” and of “conferring veloc- 
ity.” Credit for the explicit definition of these concepts and for their 
mathematical expression must, however, be reserved for Newton. 
line 25 Jess? Here Galileo supplies an excellent approximation to 
Newton’s Second Law of Motion, within the limitations menttoned in 
the preceding note. a 

line 12 diminished: Pagnini remarks that although this conclusion is 
true the proof is defective, and that Galileo speaks as if the centripetal 
acceleration were determined by the segments of the secants FG and 
DE rather than by the angles CAE and CAG. And although the in- 
verse relationship of centrifugal force to radius was correctly de- 
scribed, Galileo wrongly believed the force to vary with the linear 
velocity rather than its square. 

line 26 theses: This book has been previously mentioned (note to 
p. 105); for the other work cited, see note to p. 287. 

line 32, Sagittarius: See note to p. 58 

line 29 equator: Literally, “under the equinoctial.” Galileo refers all 
such phenomena to the ancient celestial coordinates; in order to facil- 
itate reading, these have been translated into ordinary terrestrial 
terms whenever possible. 
line 13 miles: A German mile is the 5,400th part of the circumference 
of the equator; Strauss observes that in Galileo’s time this was a reck- 
oning device rather than a practical measurement. 

line 13 uniform: The balance of this discussion is particularly interest- 


ing in connection with Galileo’s cosmogonical speculations on p. 33. 


line 22 writings: Cf. note to p. 190. The passage here indicated may be 
found in Two New Sciences, pp. 173-175. 

line 7 weights: Cf. second note to p. 234. 

line 26 five seconds: This statement was taken as a literal experimental 
result by many readers of the Dialogue, despite the phrases by which it 
is introduced in the text as a mere arbitrary basis for calculation. For- 
tunately we know precisely how Galileo regarded it, for his friend G. 


p. 261, 


p. 264, 


p- 265, 


p. 267, 
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B. Baliani wrote to him to question the figure, and in reply, Galileo 
told him that for the refutation of the statement under discussion 
here, the exact time was of no consequence. He then went on to ex- 
plain how one might determine the acceleration due to gravitation 
experimentally, if Baliani cared to trouble with it. Galileo does not as- 
sert that he had ever done so, and since he was then blind, it is im- 
probable that he ever did. Galileo was interested only in the general 
relation of spaces traversed to times elapsed; since no national stan- 
dards of length then existed in Italy, it was natural enough not to seek 
an expression in conventional units for the acceleration in free fall. 
See Galileo’s letter to Baliani, 1 August 1639 (Opere, XVIII, 77). The 
ensuing calculation in the text is also erroneous for another reason; 
Galileo assumed that the acceleration would be constant throughout 
the fall, instead of varying inversely with the square of the distance, as 
ultimately discovered by Newton. Concerning the assumed distance 
to the moon, see second note to p. 347, below. 

CALCULATIONS. The left-hand vertical column contains the series of 
trial divisors for extraction of the square root of the large number; the 
last of these appeared incorrectly as 24240 in the original text, and is 
given here as corrected by Strauss. Immediately below the square are 
the partial remainders, in a manner analogous to those entered in di- 
vision problems as explained below (first note to p. 346). The square 
root, taken from the final digits of the figures in the left-hand column, 
is entered at the lower right. Its successive quotients by 60 are written 
beneath it, the remainders being carried into the text as minutes and 
seconds. 

FIGURES IN MARGIN. In order to agree with the discussion in the text 
this column should commence with zero, contain only one figure ten, 
and end with zero. The number of intervals would then be twenty, as 
desired, and the sum of the figures would be one hundred. Galileo ap- 
pears to have confused the number of intervals with the number of 
figures representing speeds at the ends of intervals, resulting in this 
inconsistent representation. 

line 33 continuously: The admirable discussion which ensues is, ac- 
cording to Strauss, the first instance of an integration based upon pure 
mathematical reasoning and applied to mechanics (though geometri- 
cal integrations as such had been performed centuries earlier). 

line 24 equal times: This statement is only approximately true, as 
Galileo suspected, and he repeats his qualifying remark on p. 522. The 
discussion which follows shows once again Galileo’s keen power of 
observation and his ingenuity in explaining physical phenomena. 


t 
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P- 268, 


p..269, 


"/p. 270, 


LATIN QUOTATIONS. The quotations commencing here are not always 
faithful to their imputed source. To some extent they were altered by 
Galileo because he had to forgo the use of certain diagrams occurring 
in the book from which he was quoting. Other errors apparently crept 
in too, either in copying from the source or in printing the Dialogue. 
For the most part the Latin as given by Strauss is followed here, while 
the English translations are substantially those made by Salusbury. 
line 20 buovoli (modern Italian, bovoli; a kind of edible snail): The amus- 
ing recital here of the many irrelevancies in the engraved plates which 
were common in scientific books of the period heightens the contrast 
between the latter and the works of Galileo. Here we may see the be- - 
ginnings of the modern severe and unadorned treatment of scientific 
matters, which before Galileo was practically limited to mathematical 


treatises. 


line 17 than one: In the original edition the figures 72 and 200 are given 
in place of 12 and 36; in his own copy of the book, Galileo has entered 
36 and 100 on the correction slip; the correct figures were sent by him 
to his favorite pupil, Benedetto Castelli, in a letter dated May 17, 
1632, to be inserted in a special copy of the book sent to the Jesuit 
College at Rome. In this letter Galileo speaks of the figures in the first 
edition as misprints, but in view of his other set of corrections and an 
otherwise unaccountable slip in this very letter, it appears more likely 
that they were erroneous calculations of his own, he having compared 
his previous determinations with those of his opponent instead of 
confining himself to his adversary’s own internal inconsistency, which 
was all that was justified by the context of the passage. Conjecturally, 
the steps may be reconstructed as follows. First, Galileo reasoned that 
his opponent would have the ball take more than twelve days to travel 
a distance equal to the diameter of the moon’s orbit, referring to p. 262 
he found it calculated that this time would be less than four hours (see 
further below), and accordingly he took Locher’s implied diameter to 
be 72 times what it should be. Treating the figure 72 as a measure of 
diameter instead of a ratio, he deduced an error of more than 200 to 1 
in the size of his opponent's supposed orbit of the moon. Later he sus- 
pected this figure; looking back at the calculation on p. 262 he realized 
that he had mistakenly based the comparison upon his figure for uni- 
form travel over the diameter at the speed already attained at the cen- 
ter. Accordingly he noted the figures 36 and 100 on the correction slip 
at the end of the book, thus reducing the comparison to the two con- 
flicting computations for the radius of the orbit (four hours vs. six 
days). Despite the fact that a computation of accelerated travel over 


p. 272, 
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the diameter would have given him‘a still further advantage, he was 
satisfied with what he had and could not add the new calculations and 
explanations to the printed book. Subsequently he recognized the true 
nature of his error and sent the proper correction to Castelli, though 
he neglected to go back and enter it in his own copy. The final reason- 
ing is, of course, that the author made the ball take more than 12 days 
to fall through the diameter of a circle which it went around in one 
day; it should have done this in less than one-third of one day, so the 
magnitude of the error exceeds 36 to }. 

line 29 quandoque bonus etc: Quandoque bonus dormitat Homerus: “If 
Homer, usually good, nods for a moment” (Horace, Ars Poetica, 359; 
transl. Wickham). Simplicio’s remarks starting on p. 236 are now sar- 
castically recalled by Sagredo. 

line 13 downward: It is possible to take this passage as meaning that in 
his own mind Galileo identified the cause of falling with the cause of 
planetary circulation. It may mean only that the two are equally mys- 
terious, but considering his speculations on p. 32, and the general con- 
text in this place, it would not be absurd to credit him with suspecting 
that a true comprehension of gravity would yield also an understand- 
ing of planetary motion. 

line 15 gravity: One must remember that “gravity” here is not to be 
taken in the sense which it has had since the time of Newton, and that 
Salviati was quite justified in his ensuing remarks; see also next note. 


- line 31 “assisting”: The assisting spirits were angels who guided the 


p. 282, 
p. 283, 


planets in their courses; Kepler himself was not above invoking such 
forces. Abiding spirits (informing intelligences) were the internal 
moving principles of animate beings. Occurrence of the word “grav- 
ity” in the company of such jargon illustrates the emptiness of this 
word at that time. 

line 5 over: Cf. note to p. 254. 

line 2 view: “Not improbable” means here “not implausible, though 
incorrect.” For Aristotle’s treatment of an analogous argument, see De 


— Caelo II, 13, 295b, 16 ff. 


p. 286, 


line 29 revolutions: This remark seems preposterous unless Salviati 
merely refers to a circle which slides as it rolls. Such a possibility 
would be obvious even to Simplicio if flatly stated. But Galileo be- 
lieved he had a subtle proof that such an effect could occur without 
involving sliding; see Two New Sciences, pp. 21-25, especially p. 24. 
FOOTNOTE. The rather puzzling interchange to which this note refers 
is probably to be explained as follows: 
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_ 


. The unnamed follower of Copernicus advances the analogy of a rolling 


cartwheel for the earth’s two motions. 

2. The author of the booklet ridicules him for not seeing that this would 
require the earth to be much larger than it is, or its orbit much smaller 
than Copernicus thought. 


Les) 


. Salviati supposes the author's reasoning to be this: The Copernican must 


adopt Copernicus’s measurements for the earth and its orbit, and in so 
doing he makes the former too smal] and the latter too large for his cart- 
wheel analogy. ; 

4. Seeing the passage in the book merely confirms Salviati in his misappre- 
hension; for, instead of reading the context, he merely looks at the words 
“smaller” and “larger,” which he sees to be applied just as Simplicio has 
said. Having previously found gross errors committed by the same au- 
thor, he takes this as just one more blunder. 

5. Not until the Dialogue is published ‘does Galileo catch the author’s real 
sense, at which time he annotated his copy as shown in the footnote. 


p. 287, 


p. 294, 


p. 304, 


line 18 De tribus novis stellis quae annis 1572, 1600, 1609 comparuere (Ce- 
sena, 1628). The author was Chiaramonti (see first note to p. 59). 

line 27 an hour: The actual speed is more than twenty times as great. 
The distances of all heavenly bodies except the moon were grossly un- 
derestimated at this time. Ptolemy had put the mean distance from the 
earth to the sun at 1,210 terrestrial radii, a figure which was accepted 
without substantial change up to Galileo’s time; the correct figure is 
23,439. Aristarchus, by his method of dichotomy (note to p. 318), had 
put the distance of the sun at 18 to 20 times that of the moon; Ptolemy 
in turn gave a mean value of 59 terrestrial radii for the latter (see fur- 
ther, second note to p. 347). The solar distance thus implied agreed 
rather well (perhaps not entirely by accident) with a separate determi- 
nation made by Ptolemy and based upon certain erroneous supposi- 
tions about the vertices of the cones of shadow cast by the moon and by 
the earth. This coincidence of values seemed to place the sun’s location 
beyond doubt for Ptolemy’s successors; Copernicus, when he attempted 
to rectify it, placed the sun even closer. See further, note to p. 417. 

line 29 orbis magnus: A term coined by Copernicus to denote the 
earth’s orbit; see appendix, p. 635, Florian Cajori’s edition of Newton’s 
Principia (Univ. of Calif. Press, Berkeley, 1934). 

line 26 third motion: Copernicus assigned to the earth a special motion 
designed to keep its axis parallel to itself throughout the yearly 
movement. Galileo recognized that no special motion was required to 
account for this phenomenon; see further, pp. 461 ff. 
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p. 305, line 27 globes: The rings of Saturn were never recognized as such by 
Galileo. The changing shape of Saturn much puzzled him, and he at- 
tempted to explain it by assigning to that planet two satellites very 
close to its body. The correct description and explanation was not 
given until 1655, by Huygens. 

p. 309, line 17 six planets: The moon was considered the nearest some and 
no planets beyond Saturn were then known. 

p. 312, line 37 Kepler: Johannes Kepler (1571-1630) was a warm admirer of 

Galileo. Kepler discovered that the planets move in elliptical rather 
than circular orbits and worked out the laws of their motion, thus paving 
the way for Newton’s law of universal gravitation. As Tycho’s pupil and 
friend he resented Chiaramonti’s Amti- Tycho (fist note to p. 59). 
The first dozen words quoted here occur in Kepler’s De stella nova in 
pede Serpentarii (Prague, 1606), p. 86. The quotation as given in the text 
is an inversion and a condensation of Kepler’s much more pungent re- 
mark: “Philosophers thus busy themselves removing from Coperni- 
cus’s eye this mote of immense stellar distance while concealing in 
their own eye the much greater beam... of an incredible stellar ve- 
locity, surpassing Copernicus in absurdity to the extent that it is 
harder to stretch the property beyond the model of the thing than to » 
augment the thing without the property.” 

p. 318, line 23 Aristarchus of Samos (ca. 300-230 B.C.) is considered to: have 
been first to formulate a coherent heliocentric theory. His chief con- 
tribution to astronomy was the “method of dichotomy” for determin- 
ing the relative distances of the sun and moon from the earth; this 
consists in determining their exact positions when the moon is exactly 
one-half illuminated. Although nothing is wrong in theory with the 
method, the practical difficulty of making the determinations accu- 
rately with primitive instruments rendered the ancient findings very 
misleading (cf. first note to p. 294). 

p. 323, line 35 in puncto regressus mediat quies: “At the point of returning, rest 
intervenes.” Physica VIII, 8, 262a, 12-14; 263a, 1-2. 

p. 325, line 23 Lorenzini: Antonio Lorenzini da Montepulciano, author of a 
discourse on the 1604 nova printed at Padua in 1605. Although 
Galileo is not mentioned in it by name, he was its target of attack. The 
reference to foreign opinion is based upon a passage in Kepler’s De 
stella nova taking Galileo and a number of other Italian mathemati- 
cians to task for not refuting Lorenzini’s De numero, ordine et motu coelo- 

- + yum (Paris, 1606). 

p. 326, line 29 number: Thirteen are named, but two of them (Peucer and 
Schuler) used the same data. Most of the figures given in the text came 
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originally ‘from Tycho’s Astronomiae instauratae progymnasmata (Urani- 
borg, 1602). The original edition of the Dia/oguecontains many mistakes 
in giving the data and the calculations. In the present text Galileo’s 
own figures as cited by Favaro from a fragment of the manuscript are 
used as corrections without special mention. Later corrections by 
Strauss and others are supplied in italics, usually without further com- 
ment, when corrections affect the text of the speeches or would greatly 
alter the calculations, they are attended by notes. The observers men- 
tioned, omitting Tycho (see second note to p. 59), are as follows. 


Paul Hainzel, an amateur astronomer of Augsburg and a close friend of 
Tycho’s. A famous quadrant 17% feet in radius, which is said to have re- 
quired forty men for its emplacement at Goeppingen, was employed by 
Hainzel for his observations. 

Caspar Peucer, of Wittenberg, the sonof a famous physician bearing the 
same name who corresponded with Hainzel and the Landgrave ete 
the new star. 

The Landgrave of Hesse, William IV, a famous patron of science and ama- 

_teur astronomer. 

Wolfgang Schuler, a friend of the younger Peucer, was a professor at the Uni- 
versity of Wittenberg. 

Thaddeus Hagek, physician to the king at Prague, wrote a book about this fa- 
mous nova which was published at Frankfurt in 1574. It was Hagek who 
first acquainted Tycho with the manuscript in which Copernicus’s sys- 
tem was circulated among the learned before publication. 

Elias Camerarius, a professor at Frankfart. 

Adam Ursinus of Nirnburg, author -of a number of astrological works, 
wrote of it in his Prognosticatio anni 1574; he believed this new star to be 
sublunar. 

Jerome Munoz, professor of mathematics and Hebrew at the University of 
Valencia. 

Cornelius Gemma of Louvain, son of the eminent astronomer Gemma Fri- 
stus. Gemma wrote briefly on the nova during its first appearance in 
1572, and afterward at length in his De divinis mundi characterismis 
(Antwerp, 1575). 

Georg Busch, a painter and amateur astronomer of Erfurt, who argued that 
the nova was sublunar. 

Erasmus Reinhold, son of the compiler of the famous Prutenic Tables (of 
planetary movements), was a physician at Saalfeld. Tycho exposed his 
appropriation without acknowledgment of the Landgrave’s observa- 
tions. 
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Francts Maurolycus, Bishop of Messina, one of the first to observe the new 
star. 


p. 346, CALCULATIONS. As customary at the time, Galileo does not show the 
successive products in the process of division; multiplication and sub- 
traction are carried out simultaneously. An explanation of this exam- 
ple will serve for those to come. The last five digits in each product, 
which were ignored throughout the calculations, have here been 
printed in strike-out type. The divisor being multiplied by the first 
partial quotient (that is, 58 by 5), the product (290). was subtracted 
from the first three digits of the dividend (347), and the remainder 
(57) was set down. Next, a trial quotient was sought for 573, the digit 
3 being not “brought down” as in our practice, but simply read as be- 
longing after the digits 57. The quotient 9 being selected, its product 
into 58 was then taken, giving 522; this in turn was subtracted from 
573, leaving 51. The digit 1 was entered in the highest available space 
having the proper decimal position, which placed it after the digits 57, 
and the digit 5 was forced by the same rule into a new line, beneath 
the 7. If the division were to be carried out with respect to the entire 
dividend (347313294), the next partial remainder would thus be 511, 
and the above process would be continued by dividing 58 into that. 
line 5, 154° 45 : Obviously this should be 154° 35’; rectification of the 
sine from 42657 to 42920 would, however, alter the entire calculation 

- and would affect the text which follows, so the original errors have 
been preserved. 

p. 347, line 4 product: The original reads “quotient.” (Corrected by Favaro.) 
line 14 52 radii: This is approximately the distance which Copernicus 
had determined for perigee (the closest approach of the moon to the 
earth). In a sense the comparison made here with Ptolemy’s figure is 
not a fair one, since in his most essential calculations Ptolemy uses a 
mean of 59 radii and not 33 as here implied. The latter figure, widely 
used by astronomers of the time, belonged more appropriately to 
philosophical discussions of the boundary of the “elemental sphere” 
excluding all heavenly bodies than it did to serious scientific consid- 
erations; it represented Ptolemy’s finding for the lunar perigee at 
quadrature. Ptolemy gives 54 radii as the perigee at opposition and 
conjunction; his value of 59 radii for the mean distance of the moon at 
syzygies was quite good, and Copernicus’s figure of about 60% radii 
was almost precisely right. The extremely wide variation of lunar dis- 
tances according to Ptolemy’s theory was unsubstantiated by any ob- 
served changes in apparent diameter of the moon; it arose from his 
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p. 349, 


p. 351, 


p. 352, 


posss; 
p. 354, 
p35s, 


p. 360, 


employment of both an epicycle and an eccentric (rejected by Coper- 
nicus in favor of two epicycles; cf. note to p. 74). It is true that. 
Chiaramonti having deliberately chosen the lowest of Ptolemy’s de- 
terminations for arguing about the position of the nova, Galileo was 
amply justified in adopting his opponent’s ground for the refutation. 
In fact he was practically obliged to do so, for under either Ptolemy’s 
or Copernicus’s calculations of the farthest departure of the moon 
from the earth, this pair of observations and the ensuing one would 
have made the new star sublunar; Ptolemy gave 64 terrestrial radii as. 
this maximum, and Copernicus 68% radii. See Almagest, bk. v, ch. 13, 
and De Revolutionibus, bk. iv, chs. 17 and 22. 

line 27 97845: Strauss and Favaro note that this should have been 
97827. The tables used by Galileo were those mentioned in the note 
top. 211. : 

line 2 his side: This is far from true, as Galileo was probably aware, and 
the sophistry he employs to make his assumption appear favorable is 
most amusing. Calculation shows that seven radii would have been 
more favorable, in the sense of reducing the total of the corrections 
required to make all the “investigations” agree. That total would then 
be 658 minutes instead of the 756 minutes (see p. 357) required on the 
assumption of 32 radii. Galileo introduced a further, though minor, 
error by computing as if all the errors had been made by the more 
southerly observer in every instance instead of dividing the errors 
equally between each pair. ‘ 

line 1 second calculation: Strauss points out that the values used in this 
calculation are not those given in the table on p. 342, which would 
have yielded a negative parallax for the star. Following Chiaramonti, 
Galileo used a calculated value for Schuler’s upper altitude of the star. 
line 31 4034: This chord should be 4304 (Strauss, Favaro). 

line 28 36643: Should be 36623 (Strauss, Favaro). 

line 26 30 °°”fo000: The denominator should obviously be 300,000, and 
the end of the sentence should read “a little less than 30% radii.” 

line 37 clocks: The clocks of Galileo’s time were quite unsatisfactory 
for astronomical purposes such as this. The prevailing type was the 
wheel clock, the escapement of which is described on p. 521. It had 
not yet occurred to Galileo to utilize the pendulum for the escape- 


‘ment of a clock, though he had used it for the measurement of time as 


' described below. A few months before his death he hit upon the idea 


of its application to clocks, but because of his blindness he could not 
carry it into execution. He dictated a design to his son Vincenzo, who 
made correct drawings but did not complete an actual model. Credit — 


p- 365, 
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for the successful construction of the pendulum clock therefore be- 
longs to Huygens, who published his invention some sixteen years 
later. Galileo's first application of the pendulum, while he was still a 
medical student, was called the pulsilogia, and consisted of a board 
bearing a peg to which was attached a bob swung on a cord. On the 
board at appropriate places were written various diagnostic descrip- 
tions of a patient’s pulse. The physician had only to stop the cord with 
his thumb so as to bring the swinging bob into synchronism with the 
pulse, and read off the diagnosis directly (“sluggish,” “feverish,” etc.). 
Galileo’s method of measuring small intervals of time was to fill a 
large vessel with water which could escape through a very small ori- 
fice into an empty vessel which had previously been dried and 
weighed. Removing his thumb from the orifice at the start of an ex- 
periment—for example, the dropping of a ball along an inclined 
plane—and replacing it when the ball had reached any desired point, 
he could, by weighing the water which had escaped, determine the 
elapsed time by comparing this with the weight of water escaping in a 
known time. (See Two New Sciences, p. 179.) 

FIGURE 194. Commencing with the calculation on Peucer’s observa- 
tions, the original edition introduces the letters [AC and IEC in place 
of IOT and IFT without supplying any correspondingly lettered dia- 


. gram. The National Edition does the same; Strauss alters the letters to 


p. 371, 


correspond with the previous diagram, but without comment. Figure 
19a, which is here introduced to correspond with the text, is copied 
from a manuscript of Galileo’s reproduced in the National Edition, 
vol. vii, p. 528; this manuscript page contains a number of these calcu- 
lations and a somewhat similar description. Presumably when Galileo 
prepared his copy for the printer he copied a part of the calculations 
from one manuscript and a part from another, without noticing the 
differences in the diagrams. The diagram used in these later calcula- 
tions corresponds to the figure employed by Chiaramonti himself in 
De Tribus Novis Stellis (Cesena, 1628), p. 143. 

line 30 unbounded: Cf. De Caelo 1, 6 and 7. This was very dangerous 
ground for Galileo to tread; Giordano Bruno’s conviction and execu- 


_ tion had depended largely upon his having espoused the view that the 


poz, 


universe was infinite. 

line 28 at them: Galileo had had direct experience of this, Cremonino 
at Padua and Libri at Pisa are known to have refused even to look 
through the telescope, and tradition has it that several professors ab- 
sented themselves from Galileo’s supposed public demonstration that 
falling bodiés move independently of their weights. 
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p. 381, 


p. 382, 


p. 388, 


p. 397, 


p. 400, 


p. 401, 
p. 402, 
p- 406, 


p.411, 


line 29 has illuminated me: This passage seems to imply that Salviati, 
who speaks for Galileo, has yielded to reason as “a clearer light than 
usual.” The context tends to support that idea. Nearly all scholars, 
however, agree that Galileo’s real intention in the final clause was to 
refer obliquely to the Church’s edict as that “clearer light than usual” 
which had ultimately shown him that Copernicus (and reason) were 
in error. It is therefore probable that the phrase “than I have been” 
should be read “—as indeed I have been,” even though the printed 
text cannot be literally so translated. 
lines 4-5 nuper me etc: “upon the shore I lately viewed myself 

When the sea stood still, unruffled by the winds.” 

—Virgil, Bucolics, ii, 25 f. 

line 30 to us: Copernicus, De Revolutionibus, bk. 1, ch. 10, mentions these 
hypothetical explanations as having been offered by others, but does 
not commit himself. ; 
line 15 center: The device by which Copernicus had eliminated the 
equant was greatly admired by those who held it to be axiomatic that 


' all heavenly motions were uniformly circular. 
p. 399, 


FIGURE 21. This figure has been slightly modified in redrawing for this 
edition in order to make the lines easier for the eye to follow. The 
small arcs XY and ST here show the course of the planet conunuing 
instead of reversing its direction, and the text has been modified to 
correspond. 

line 21 Apollonius of Perga flourished about 200 B.c. He was among the 
greatest of the ancient geometers, his chief contribution being the 
theory of conic sections. 

line 3 spots: See second note to p. 60. 

line 8 Apelle: See second note to p. 60. 

line 32 meridian: AOC has been identified on the previous page as the 
axis of the ecliptic, but from this point it is spoken of as the projection 
of our meridian. This was a curious slip on the part of Galileo. Ap- 
parently all he meant to say was that the maximum curvature of the 


path of the sunspots occurs when the axis of the sun’s rotation points 


toward us or away from us; but having drawn his diagram so that in 
such a position the entrance and exit of the spots fell on a horizontal 
line, he forgot that this line represented the plane of the ecliptic and 
spoke of it as if it were our equatorial plane. 

line 6 appearances: This passage has led some modern critics to charge 
Galileo with a blunder it would have been impossible for him to make. 
See, for example, Strauss, p. 556, note 48, and Taylor, Galileo and the 
Freedom of Thought (London, 1938), p. 135; these authors remark that if 


p. 412, 


p. 414, 


p- 417, 


p. 418, 
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the sun went around the earth with its axis always parallel to itself, the 
sunspots would appear to travel exactly as described. This is true only 
if the daily motion of the sun around the earth is merely apparent; 
that is, only if we grant the earth a diurnal rotation. But Galileo is 
speaking here of an absolute fixed-earth theory, and from that stand- 
point one cannot maintain that the sun’s axis preserves a constant di- 
rection and at the same time admit the observed variations in the paths 
of the sunspots over the course of a year without absurdities from the 
standpoint of dynamics. These were clear to Galileo, who knew that 
angular momentum is conserved. It is true that Simplicio’s argument 
is correct in that the appearances are capable of occurring under 
either theory, nor does Salviati deny this, but he does show that to as- 
sign both motions to the sun results in great complications, while the 
appearances are easily explained by assigning the motions to the earth. 
line 18 third movement: See note to p. 304; this phrase refers to the 
Copernican terminology, and not to the numerical order of the mo- 
tions listed. The matter is discussed further on pp. 461 ff. 

line 17 Terram igitur...: This passage from Locher’s Disquisitiones 
(first note to p. 105) is here so abbreviated as to make the speech which 
follows it incomprehensible. The essential part of the paragraph cited 
is as follows: “The earth and the moon travel in one year from east to 
west between Mars and Venus, the center [of the earth] tracing out 
the orbis magnus or orbis annuus.” 

line 22 radii: (See also first note to p. 294.) Copernicus gave 1,179 ter- 
restrial radii as the maximum distance (apogee) of the sun (De Revolu- 
tionibus, bk. iv, ch. 19); his figure for the mean distance was 1,142 radii 
(ibid. ch. 21). Ptolemy’s determination was 1,210 radii (A/magest, bk. v, ch. 
15). The source of Galileo’s 1,208 radii was Locher’s Disqutsitiones, p. 25. 
It will be noted that Galileo’s ideas of the stellar distances fell far 
short of the truth. Yet they were a great advance over the misconcep- 
tions prevailing among other astronomers of his time, and Galileo 
rendered a notable service to astronomy by setting forth his opinions 
and the reasons for them. 

line 16 ten-millionth: The original reads “hundred-millionth” because 
of a mistake in setting down the cube of 220 in Salviati’s next speech 
which was corrected by Galileo in his own copy. 

line 37 a/-Fergani (Alfragan) flourished about A.D. 800. 

line 37 al-Battani (Albategnius) died A.D. 928; he was the most famous 
of the Arab astronomers. 

line 37 Thabit ben Korah (Qurra) (836-901) was the leading Arabic ed- 
itor of Ptolemy. 
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p. 420, 


p. 421, 


p- 422, 


p. 425, 
p. 426, 


p- 432, 


line 38 Christopher Clavius (1537-1612) was the leading Jesuit mathe- 
matician at Rome and author of a commentary on Sacrobosco; cf. first 
note to p. 144 and note to p. 480. 

line 26 star: Sagredo’s objection is about the only one which Salviati 
could have countered. Actually the method described, though inge- 
niously conceived, is rather impractical because of atmospheric dis- 
turbances, the apparent motion of stars, and other interfering factors. 
It is remarkable that Galileo succeeded in obtaining any useful results 
by the procedure outlined here. Struve, writing two centuries later, 
remarked on the impossibility of ever observing the true angular di- 
ameter of a star, and showed that even those determined by the most 
perfect telescopes were spurious. 

line 7 Astronomical Letters: Epistolae astronomicae (Uraniborg, 1596). The 
original edition of the Dialogue has “chapter” in place of “page.” 

line 36 Jt is Sagredo: Sagredo wrote to Galileo in 1612 regarding re- 
fraction within the eye; cf. Opere XI, p. 350. 

line 36 impinge: Literally, “from which the visual rays emerge”; in this 
passage, as elsewhere, the translation is accommodated to modern 


‘concepts of vision. 


line 3 observed this: Cf. second note to p. 138. 

line 14 man: As is apparent from the reply, this epithet is not intended 
for Simplicio personally; in the Italian text the familiar pronoun ap- 
pears instead of the polite form invariably employed among the inter- 
locutors in addressing each other. The “foolish man” is Scheiner (or 
his pupil Locher). 

line 13 ad hominem: Against the man. The fallacy called argumentum ad 
hominem consists in directing the argument against the person uttering 
a proposition, or against other propositions known to be held by him, 
rather than against the proposition in dispute. 

line 32 variation: Bessel, in 1837, first detected the parallax of a fixed 


-star due to the earth’s annual motion. Using the star 61 Cygni he 


p. 433, 


p. 450, 


found a parallax of the order of three-tenths of one second, amply 
justifying the conjectures of Galileo here and in the following pages. 

line 16 anti-Copernicans: The reference is to Francesco Ingoli 
(1578-1649), author of a tract disputing the Copernican system, and 
later secretary of the Propaganda Fide. In 1616 he had addressed a 
communication to Galileo on this subject, which Galileo answered 
with an extensive letter (not published during his lifetime) comprising 
the present and other arguments for the Copernican opinion. 

line 34 Vega: It is creditable to Galileo that he selected Vega (a Lyrae) 
as one of the most promising stars for the detection of parallax; two 


p. 454, 
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centuries later it was selected by Struve and extensively observed for 


this purpose. 

line 14 perpendicular: The words “from the perpendicular” (dal perpen- 
dicolo) do not appear in the original edition; they were added by 
Favaro, and, having thus become part of the text of the National Edi- 
tion, they are included here. The addition appears superfluous, since 
the angle of tilt is doubly described in this very passage. The identical 
phrase occurring in the original edition is used again by Galileo three 


, pages later when he refers back to this passage, and Favaro makes no 


p. 464, 
p. 469, 


p. 470, 


addition at that point. 

line 6 William Gilbert, physician to Queen Elizabeth, is considered the 

first great English experimental scientist. His book, De magnete, magne- 

ticisque corporibus (London, 1600) is a classic of systematic observation. 

line 34 other: Galileo viewed the tilting of the needle as an exertion of 
greater force against the end pulled down rather than as a directional 

effect. 

line 18 armature; A concave hemisphere of thin iron applied to the 

lodestone, or a conical iron jacket fitted to it. (Gilbert, De magnete, bk. 

titel 7.) a: 

line 21 parted with it: The reference is to an actual event which is 

quoted below at length from Mary Allan-Olney’s The Private Life of 
Galileo (London, 1870). It may be.remarked that Galileo’s study of 
these matters commenced as early as 1602, and that “Cosmo” should 

be “Cosimo.” 

“In the year 1607 Galileo made various observations on the load- 
stone. ... These observations he imparted to his friend Secretary Pic- 
chena, who in his turn imparted them to Prince Cosmo. The young 
prince sent to say he would like to possess such a loadstone as the one 
Galileo had, weighing about half a pound Tuscan. The hint was plain 
enough. Galileo wrote back to say that the loadstone and all else be- 
longing to him was at the prince’s disposal, but that a friend of his pos- 
sessed a loadstone infinitely more worthy of the Serene notice, which 
might probably be parted with for a consideration. From the corre- 
spondence which ensued we learn that the Grand Duke was no more 
above bargaining than any pedlar in Tuscany. It is with pain that we see 
Galileo, the man to whom the secrets of the heavens were so shortly 
to be revealed, actually lending himself to small subterfuges for the 
sake of saving his Serene pupil’s father a few crowns. At the same time 
it is fair to state that this is the sole instance of the tortuous, higgling 
spirit, which we feel to be more fitting to a dealer at the rag-fair in 
Piazza San Giovanni than to the father of experimental philosophy. The 
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friend to whom this unique loadstone belonged was Sagredo. Galileo 
concealed his name, for what reason we are unable to guess, merely af- 
firming that he (Sagredo) had been offered 200 gold crowns by a Ger- | 
man jeweller, who had wished to buy the loadstone for the Emperor, 
but that he had declared he would only part with it for as much gold as 
it would carry fastened to the end of an iron wire, viz., more than 800 
crowns; or, in plain Tuscan, its price was 400 crowns. Galileo had in- 
vented a story about a Polish gentleman to account for his curiosity re- 
specting Sagredo’s loadstone. To account for the delay in Picchena’s 
answer, he found it necessary to state that this Polish gentleman, his 


pupil, was staying in Florence for a time. It is probable that Sagredo 


pra; 


p. 472, 
p. 477, 


p. 479, 


p- 480, 


did not wish to part with the loadstone, and therefore put a fancy price 
upon it. Galileo found to his mortification that the negotiation would 
have been expedited by his telling the truth at once, as Sagredo would 
have felt himself honoured by Prince Cosmo’s acceptance of the load- 
stone as a free gift. The bargain was concluded after four months’ hag- 
gling over the price. Galileo, fearing that his friend Sagredo would feel 
that his interests had quite been lost sight of when he came to know 
who the Polish gentleman was, begged Picchena to ask his Serene 
Highness to give 100 doubloons instead of 100 gold crowns, which was 
the price agreed upon.” 

line 17 verae causae: true causes; that is, actual physical entities or ac- 
tions as distinguished from hypothetical constructions serving as 
agents to implement a scientific theory. 

line 2 hammers: A reference to the legendary tradition that Pythagoras 
discovered the arithmetical relations underlying the theory of har- 
mony by noticing the difference in pitch of the tones of four hammers 
of differing weights striking upon an anvil. 

line 13 Gilbert: Sagredo mistakenly attributes the discovery of the verti- 
cal dip of the compass needle to Gilbert. Though Gilbert describes the 
effect, he attributes its first discovery to the “skilled navigator and inge- 
nious artificer Robert Norman,” who announced it in England in 1576. 
line 32 rise: Galileo originally intended the Dialogue to center on his 
theory of the tides; cf. note to p. 483. 

line 26 Yoannes de Sacrobosco (John Holywood) was the first and most 
important medieval writer on spherical astronomy. Of English birth, 
he died in 1256 at Paris where he was professor of astronomy. His 
book Sphaera Mundi went through countless editions and was a stan- 
dard work until the seventeenth century. The passage here criticized 
by Sagredo occurs just before Sacrobosco’s proof that the earth is the 
center of the universe. 


Notes for pages 483-SOS - 575 


p. 483, line 19 mobility: This section of the Dialogue is essentially a reworking 


c 


and expansion of Galileo's Discorso sopra il flusso e reflusso del mare, which 

he transmitted to Cardinal Orsini in 1616 as a part of his unsuccessful 

attempt to moderate the Church’s opposition to the Copernican the- 

ory. He was so excessively fond of this explanation of the tides that he 

once intended to bestow upon this entire book a title similar to the 

above. Galileo’s explanation of the tides, as will be seen, depends upon 

the varying velocity of a point on the earth’s surface due to the com- 

position of its rotation and its revolution about the sun. This could not 

account for the actually observed periodicity of the tides, and it is 

likely that if-the same argument had been brought forward by some- 

one else, Galileo would have rejected the refuge to which he himself 
here has recourse; namely, the influence of the length and depth of 
each sea basin. The daily periods are intimately related to the motion 

of the moon and require nearly an hour more than a day; this fact had 

long been observed, and was the main reason for so many authors hav- 

ing resorted to the moon’s authority over the waters as an explanation. 

Galileo was quite justified in rejecting the basis upon which this ex- 

planation was generally offered; one can hardly doubt that in his own 

mind he was thereby doing precisely the thing he so much admired in 

Copernicus—that is, refusing to abandon a rational explanation sim- 

ply because the evidence of his senses appeared to contradict it (cf. pp. 

381 and 389). So far as Galileo’s “primary cause” of the tides is con- 

cerned, it was quite rational under the assumption of an absolute ref- 

erence system (in this case the fixed stars, which he regarded as 

motionless); for a discussion of this matter, see Ernst Mach, Science of 
Mechanics (Open Court Publishing Co., La Salle & London, 1942), pp. 

262-264. Mach’s view is criticized, and the origin and fate of Galileo’s 

tidal theory is examined, in Physis v. III, pp. 185-194. 


p. 487, line 20 prelate: Marcantonio de Dominis, in Euripus sive sententia de 


fluxu et refluxu maris (Rome, 1624). 

marginal note Girolamo Borro, professor of medicine and philosophy at 
Pisa, had proposed warmth from the moon as an explanation of the tides 
in Del flusso e reflusso del mare e dell inondatione del Nilo (Florence, 1583). 


p. 489, line 13 Mechanics: Not Aristotle’s; cf. second note to p. 183. 
p. 504, line 6 Etiopico: It was customary in Galileo’s time to refer to everything 


in Africa south of Egypt as “Ethiopia.” Maps of the seventeenth cen- 
tury sometimes show the ocean on both sides of South Africa as the 
“Ethiopian Ocean.” 


p. 505, line 28 primary: Erroneously “secondary” in the original edition; the 


correction is by Favaro. 


IG = 


p- 508, 


prsry; 


p. 523, 


p. 526, 


p- 528, 
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line 16 Qual l'alto Egeo, etc: “As the deep Aegean, when the north wind 
ceases that swept it, rests not, but retains in its waves the sound and the 
motion.”—Torquato Tasso, Jerusalem Liberated, xii, 63. Galileo's refer- 
ence to Tasso here as “the sacred poet” is in sharp contrast to his un- 
favorable opinion of Tasso when he compared that poet with Ariosto 
in earlier years. 

line 21 fast: This nadenmneRsiit is a result of Galileo’s mistaken as- 
sumption about the distance of the sun (note to p. 294) and hence 
about the size of the earth’s orbit. 

line 24 equal times: As usual, Galileo shows his horougigontg experi- 
mental caution by noting an almost imperceptible discrepancy. Actu- 
ally the curve which has the property of tautochronism is not the 
circle but the cycloid, a curve first studied and described by Galileo. 
The discovery and proof of this fact constituted one of the famous . 
challenge problems of the seventeenth century; it was proposed in 
1687 and solved first by Jakob Bernoulli. The cycloid is also the curve 
of quickest descent (not the circle as stated in the ensuing discussion); 
this even more famous challenge problem, proposed in 1696 by Jo- 
hann Bernoulli, was solved by Leibniz on the day he received it. New- 
ton, when appealed to by the British mathematicians, solved the 
problem at once; though his solution was published anonymously, 
Bernoulli instantly divined its source. 

line 3 orbit: It certainly does iss credit to Cae s acumen that, de- 
spite his rejection of the moon’s influence on the tides, he was able to 
find a rational explanation for the appearances which had led others to 
attribute such an influence to the moon—they being even more wrong 
in accepting it than Galileo was in rejecting it. Galileo’s description of 
the common orbit of the earth and moon may sound contradictory in 
its phrasing. Its logical basis is the Ptolemaeo-Copernican concept of 
orb and epicycle, the orb remaining the “true” path of a planet despite 
the epicyclic excursions of the latter. The passage here has been very 
freely translated; the actual words are: Imperoccheé, se noi intenderemo una 
linea retta prodotta dal centro del Sole per il centro del globo terrestre, e prolun- 
gata sino all orbe lunare, questa sara tl semidiametro dell orbe magno, nel quale la 
Terra, quando fusse sola, si moverebbe uniformemente; ma se nel medesimo semi- 
diametro collocheremo un altro corpo da esser portato, ponendolo una volta tra la 
Terra e il Sole, etc. 

line 37 nine days more: Here Galileo misinterprets as an irregularity in 
speed whatis largely a consequence of the shape of the earth’s orbit. He 
is often criticized for holding fast to the idea of a circular orbit in the 
face of such evidence, especially when he had Kepler’s research at his 


p. 530, 


p. 536, 
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fingertips. But it should be remembered that his authorization to write 
the Dialogue was limited to the discussion of arguments for Ptolemy and 
Copernicus, who both assumed circular orbits. Even had he accepted 
Keplerian ellipses, it would have been a strategic error to introduce 
them here. Not only would it have reduced the plausibility of the 
earth’s motion for his contemporaries, both professional and lay read- _ 
ers, but it would have antagonized further the Catholic authorities, who 
had banned the Protestant Kepler’s Epitome of the Copernican System. 

line 37 Jeast of all: Unfortunately for Galileo’s theory, it is the reverse 
which holds true for solstitial and equinoctial tides; the latter are. most 
extreme because of receiving the maximum effects of the sun’s grav- 
itational pull. Cf. Newton, Principia, bk. iii, prop. xxiv (Univ. of Calif. 
Press edition, p. 437). The difference being minor, and being often off- 
set locally by the effects of seasonal storms, it is no discredit to 
Galileo that he uncritically embraced this further deduction from his 
ingenious but mistaken theory of the tides. 

marginal note Se/leucus was a Babylonian who flourished about 150 
B.C. He was one of the few followers of the ancient heliocentric view 
of Aristarchus, and Plutarch attributes to him the opinion that the 
tides were caused by the motion of the earth. 

line 10 Kepler: Galileo’s criticism of Kepler here has been misunder- 
stood and to some extent misinterpreted. Fundamentally, Galileo's 
objection to Kepler’s tidal theory was twofold; first, it ignored the 
purely mechanical hypothesis suggested to Galileo by the double mo- 
tion of the earth, and second, it endowed the moon with a particular 
attraction for the earth’s waters. Kepler reasoned that if the earth 
should cease to attract its waters, they would flow to the moon, and he 
deduced that as the moon passed round the earth, it drew the waters 
toward the equator. Modern readers are prone to overlook the fact 
that the moon’s dominion over the waters was an ancient superstition 
rather than a scientific anticipation of Newton’s general gravitational 
law. Thus it had for Galileo all the defects of the “occult qualities” in- 
voked by philosophers as causes. Both Kepler’s theory and Galileo’s 
had the defect of implying a single daily tide, and both men appealed 
to local and accidental phenomena to explain the double period of 
ebb and flow. To Galileo as a physicist, the purely mechanical basis of 
his explanation was decisive in its favor. On the other hand, Kepler was 
much closer to a correct view of gravitation than others who ascribed 
the tides to attraction of the waters by the moon, and Galileo was re- 
miss in failing to pursue that idea. In the preface to Kepler's Astronomia 
Nova of 1609, he spoke of gravity as a mutual bodily attraction such 
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that the earth attracts a stone much more than the stone attracts the 
earth, and he conjectured that if the earth and moon were not re- 
strained somehow, they would fly together, the moon moving 53 parts 
to the earth’s one. He conjectured further that if two stones were 
placed anywhere in the universe outside the sphere of force of other 
bodies, they would move toward one another. Galileo generally re- 
frained from speculating about such matters, as lying beyond the 
reach of experiment, and his physics remained a terrestrial physics 
except to the extent that he advocated the interpretation of celestial 


_ observations in terms of terrestrial analogies. His admiration for Ke- 


p. 537, 


p. 538, 


pler was always tempered by a distrust of the German astronomer’s 
geometrical and harmonic mysticism. 

line 5 Caesar Marsili sent to Galileo, shortly before the publication of 
the Dialogue, a treatise in which he declared that he had detected a 
shift in the meridian of the Church’of St. Peter at Bologna, where the 
direction of the meridian had been engraved in the floor. Marsili’s ob- 
servations were not conclusive of any motion of the earth; Strauss re- 
marks that the alteration which has occurred even today would be 
imperceptible by means of instruments available in the seventeenth 
century. 

line 21 doctrine: This is the famous passage setting forth the favorite 
argument of Urban VIII against the conclusiveness of this “proof” of 
the motion of the earth. To place it in the mouth of Simplicio was the 
only possible course for Galileo to pursue when he was expressly 
commanded to include it. Yet the fact that he did so was a point in his 
indictment, see note to p. 119, point 2. 
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birds, 153, 195, 212-213, 216, 
269, 283; shooting at, 
206-208 
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